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From  the  standpoint  of  botanical  terminology  the  name  Monilia 
should  not  be  applied  to  the  human  pathogens  since  a  group  of  sapro¬ 
phytic  fungi  are  so  called.  However,  usage  has  designated  the  term 
Monilia  familiar  to  medical  mycologists  as  a  yeastlike  organism  devoid 
of  ascospores,  reproducing  by  budding,  and  under  certain  conditions 
developing  mycelia  (1,  2).  The  other  organisms  closely  related  to 
the  Moniliae  are  Endomyces,  Cryptococci  and  Saccharomyces. 

The  following  chart  illustrates  the  essential  morphological  points 
of  difference  between  these  organisms. 
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Cryptococci  Saccharomyces  Moniliae  Endomyces 

CLASSIFICATION 

The  classification  of  species  within  the  genus  Monilia  is  complicated 
by  different  methods  of  classification.  Henrici  (1)  stated  that  the 
fermentation  of  carbohydrates  seemed  to  be  the  only  laboratory 
procedure  by  which  the  various  Moniliae  might  be  differentiated  but 
that  the  use  of  such  reactions  had  been  carried  to  an  extreme  by 
Castellani.  More  recent  investigators  (2  to  12)  are  inclined  to  limit 
the  number  of  species  and  to  use  carbohydrate  reactions  as  only  one 
of  the  means  for  classifying  the  organisms.  Wachowiak,  Marr, 
Hagebusch,  Randall  and  Fleischer  (13)  doubt  the  value  of  fermenta- 
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tion  reactions  as  a  means  of  classifying  Monilia.  However,  Hopkins 
and  Hesseltine  (7)  have  reviewed  the  work  of  several  investigators  and 
their  tables  reveal  a  general  agreement  among  these  investigators 
where  readily  fermentable  carbohydrates  are  used.  The  difference  in 
indicators  and  pH  of  media  apparently  accounts  for  variant  reports 
regarding  less  rapidly  fermentable  carbohydrates. 

‘  SEROLOGICAL 

Martin,  Jones,  Yao  and  Lee  (9)  have  reviewed  the  work  of  numerous 
investigators  and  have  also  reported  on  serological  reactions  obtained 
by  them.  They  concluded  that  such  reactions  are  of  value  in  that  the 
separation  of  species  by  cultural  and  fermentation  reactions  can  be 
correlated  in  some  degree  with  differences  in  antigenic  structure,  but 
they  may  lead  to  erroneous  diagnosis  if  relied  upon  for  routine 
identification. 

OCCLTtRENCE 

Yeastlike  fungi,  including  Monilia,  are  frequently  found  on  the 
skin,  in  the  alimentary  tract  and  on  the  mucous  membrane  of  the 
external  genitalia,  both  in  health  and  disease.  Table  I,  from  an  article 
by  Benham  and  Hopkins  (14),  gives  an  idea  of  the  distribution  of  these 
organisms  in  normal  individuals. 

Croft  and  Black  (15)  isolated  29  cultures  from  the  finger  tips  of  22 
subjects  among  100  examined.  The  isolated  strains  did  not  include 
Monilia  albicans. 

Jones  and  Martin  (16)  found  32  per  cent  of  the  cultures  taken 
from  the  vaginal  tracts  of  pregnant  and  14  per  cent  of  those  from  non¬ 
pregnant  women  to  be  positive  for  Monilia.  The  153  unknown  strains 
studied  by  Martin,  Jones,  Yao  and  Lee  (9)  were  isolated  from  the 
following  sources:  sputum,  feces,  vagina,  skin,  lungs,  liver  (post¬ 
mortem),  bile,  tongue,  throat,  pleural  fluid,  lymph  node,  and  dog 
feces. 

In  this  paper  our  chief  interest  concerns  the  occurrence  of  Monilia 
in  the  oral  cavity  which  must,  of  course,  include  a  study  of  the  sputum. 
Stovall  and  Bubolz  (4)  isolated  40  strains  of  yeastlike  organisms 
including  37  strains  of  Monilia  from  the  sputum  of  100  patients  with 
pulmonary  inflammatory  conditions.  Weedon,  Kenney  and  Shirk 
(17)  cultured  55  samples  of  sputum  suspected  of  having  acid  fast 
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organisms  and  found  Monilia  albicans  in  5  cases  in  addition  to  nu¬ 
merous  nonpathogenic  fungi  and  yeast.  Woolley  (6)  in  a  study  of 
141  cases  in  two  Arizona  sanatoria  found  17  (12  per  cent)  positive 
for  various  fungi  including  9  strains  of  Monilia.  In  contrast  to  this 
comparatively  low  percentage  of  positive  findings,  Marett  (35) 
reports  that  of  568  sputum  samples  examined  294  (52  per  cent)  were 
positive  for  Monilia.  Fisher  (18),  in  a  series  of  48  children  varying 
in  age  from  2  months  to  16  years,  found  that  throat  cultures  were 
positive  for  Monilia  albicans  in  25  per  cent  of  the  cases  and  that 
39.5  per  cent  were  positive  for  fungi.  In  this  series,  cultures  from  the 
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^  From  Benham,  R.  W.,  and  Hopkins,  A.  McH.,  Arch.  Derm,  and  Syph.,  28:  532, 1933. 


tongue  were  positive  for  Monilia  albicans  in  12.5  per  cent  of  the  cases. 
Fisher,  in  another  series  of  28  adult  cases,  found  that  21.4  per  cent 
had  positive  throat  cultures  for  Monilia  albicans  while  50  per  cent 
were  positive  for  fungi.  The  cultures  from  the  tongues  of  10.7 
per  cent  of  this  adult  series  were  positive  for  Monilia  albicans.  Fisher 
also  cultured  the  saliva  of  122  cases  and  found  26.2  per  cent  to  be 
positive  for  Monilia  albicans.  Of  these  cases,  45.1  per  cent  were 
positive  for  fungi. 

Todd  (19)  cultured  the  throats  and  mouths  of  1000  normal  persons 
and  found  14.7  per  cent  positive  for  yeastlike  organisms.  Of  these 
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147  cases,  140  were  positive  for  Monilia  albicans.  Included  in  this 
series  were  31  positive  mouth  cultures  and  39  positive  throat  cultures. 
Todd  also  found  a  relationship  between  a  high  titer  of  agglutinins 
in  the  serum  and  the  presence  of  Monilia  albicans  in  the  mouth  and 
throat.  Keiper  (11)  found  that  3  per  cent  of  100  students  at  Leland 
Stanford  University  harbored  Moniliae  in  their  throats.  Rosebury 
(20)  reported  a  series  of  cases  consisting  of  36  subjects  with  carious 
teeth,  44  free  of  caries  and  26  in  which  caries  was  doubtful.  Yeast¬ 
like  organisms  were  cultured  from  30.5  per  cent  of  the  caries  cases, 
2.3  per  cent  of  the  caries  free  and  23.1  per  cent  of  the  caries  doubtful 
cases.  Rosebury ’s  percentages  of  positive  findings  for  Lactobacillus 
acidophilus  were  considerably  higher  than  the  percentage  for  yeast¬ 
like  organisms.  Kligler  (21)  in  his  rather  complete  study  of  oral 
bacteriology  mentions  the  finding  of  a  yeast  in  one  instance  and  an 
oidium-like  organism  in  another.  However,  he  did  not  consider 
them  of  enough  importance  for  further  description.  Howitt  and 
Fleming  (22)  mention  the  isolation  of  an  occasional  yeast  on  acid  agar 
plate.  Frank  (23)  cultured  the  apparently  normal  commissures  of  100 
patients.  Yeastlike  organisms  were  obtained  in  19  instances  as 
follows:  MonUia  11,  Endomyces  6,  and  Cryptococcus  2. 

PATHOGENICITY 

Benham  (2)  states  that  in  diseases  described  as  thrush  and  sprue 
and  as  superficial  infections  with  MonUia^  Saccharomyces,  Endomyces 
and  Cryptococcus,  the  majority  are  probably  due  to  one  distinct  species 
which  is  referred  to  as  Monilia  albicans.  She  divides  moniliasis  into 
six  divisions:  (1)  oral  moniliasis,  (2)  intestinal  moniliasis,  (3)  cuta¬ 
neous  moniliasis,  (4)  moniliasis  of  the  mucous  membranes,  (5)  bron¬ 
chial  and  pulmonary  moniliasis,  (6)  meningeal  moniliasis.  The 
following  is  a  brief  abstract  from  Benham’s  excellent  chapter  on  these 
infections: 

(1)  The  occasional  epidemic  character  of  outbreaks  of  thrush  and  the  constant  and 
profuse  presence  of  the  parasite  in  the  lesions  leave  little  question  as  to  its  importance 
in  cases  of  thrush.  Moniliae  are  also  suspected  as  being  the  causative  agents  in  various 
types  of  glossitis  and  gingivitis.  (2)  The  rdle  of  Monilia  albicans  in  cases  of  sprue  is  a 
controversial  question  but  there  is  much  doubt  regarding  its  etiological  importance. 
(3)  The  constant  findings  of  a  specific  fungus  in  skin  lesions  and  the  fact  that  it  is  rarely 
found  on  normal  skin  is  evidence  that  the  parasite  is  the  cause  of  the  lesion.  Allergic 
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types  of  skin  reactions  have  also  been  recorded  as  due  to  moniliids.  (4)  Mondial  infec¬ 
tions  of  the  vaginal  mucous  membrane  are  not  uncommon  and  are  often  troublesome. 
Mondial  balanitis  and  conjunctivitis  have  also  been  recorded.  (5)  It  seems  impossible 
to  determine  what  rdie  Moniliae,  found  in  the  sputum,  play  in  bronchial  and  pulmonary 
infections.  It  is  debatable  whether  the  organism  is  the  causative  agent,  a  contributing 
factor,  or  merely  an  accidental  finding.  In  some  reports  on  pulmonary  infections  there 
is  an  apparent  confusion  between  mondiasis  and  types  of  cryptococcosis.  (6)  The 
results  of  experimental  infections  suggests  that  there  may  be  cases  of  generalized  moni¬ 
liasis  with  meningeal  involvement. 

Benham  (2)  in  writing  on  carriers  states  that  Monilia  albicans 
can  be  recovered  from  the  mouth  or  intestines  even  when  there  is  no 
evidence  that  it  is  pathogenic.  Whether  such  monilial  infestation  is 
entirely  harmless  to  the  host  may  be  questioned  but  the  presence  of 
these  organisms  and  the  absence  of  marked  symptoms  certainly  throw 
doubt  on  its  etiological  importance  in  sprue. 

Fosdick  and  Hansen  (24)  suggest  the  possible  symbiotic  action  of 
yeast  in  the  mouth  with  other  organisms  in  the  production  of  caries. 
The  yeast  used  in  their  experiments  was  not  reported  as  to  species  or 
reactions.  Rosebury  (25)  sums  up  the  question  of  the  possible 
relationship  of  yeast  to  caries, 

“The  association  of  yeasts  with  lactobacilli  in  carious  teeth  was  first  reported  by 
Bunting  and  Palmerlee  (1925)  and  has  been  confirmed  by  Rosebury  (1937).  Yeasts 
are  found  less  frequently  than  lactobacdli  in  mouths  with  active  caries  and  it  would 
seem  that  their  presence  is  not  indispensable.  Fosdick  and  Hansen  (1935),  however, 
have  presented  interesting  data  which  suggests  that  yeasts  may  act  as  accelerators  in 
the  lactobacdlus  fermentation  by  the  rapid  formation  of  pyruvic  add  from  carbohydrate 
substrates.’’ 

Of  the  various  reports  on  experimental  moniliasis  the  investiga¬ 
tions  of  Hesseltine,  Borts  and  Plass  (26);  Bland,  RakofE  and  Pincus 
(27);  and  Stovall  and  Pessin  (28)  are  the  most  convincing.  Hessel¬ 
tine,  Borts  and  Plass  (26)  produced  definite  monilial  infections  in  the 
vaginal  tracts  of  pregnant  and  nonpregnant  women  by  the  inocula¬ 
tion  of  Monilia.  Further  experiments  were  carried  out  to  test  the 
infective  powers  of  vaginal  strains  of  Monilia  in  the  oral  cavities  of 
babies.  The  oral  cavities  of  5  babies  were  inoculated  with  Saccharo- 
myces,  with  negative  results.  However,  9  of  24  cases  inoculated  with 
Monilia  became  infected.  It  is  interesting  to  note  that  Monilia 
pinoyi  gave  positive  results  in  all  7  cases  of  babies.  This  organism  is 
classified  by  Martin,  Jones,  Yao  and  Lee  (9)  as  Monilia  albicans. 


108 


HOLMES  T.  KNIGHTON 


Bland,  Rakoff  and  Pincus  (27)  were  able  to  produce  definite  vaginal 
lesions  by  artificial  inoculation  of  monilial  strains.  Finnerud  (29) 
and  Frank  (23)  have  presented  experimental  evidence  suggesting 
MonUia  as  the  possible  causative  agent  of  perleche. 

Stovall  and  Pessin  (28)  gave  intravenous  injections  of  MonUia 
to  rabbits.  No  rabbits  manifested  more  than  a  slight  rise  of  tem¬ 
perature  and  leukocytosis  within  24  hours  after  inoculation  with  even 
massive  doses  of  MonUia  parapsilosis.  Those  receiving  MonUia 
albicans  in  relatively  small  doses  became  very  ill,  lost  weight  rapidly, 
and  died  in  18  hours  to  8  days.  MonUia  Candida  produced  a  much 
less  stormy  course  than  MonUia  albicans  and  required  a  larger  dosage. 
They  state  that  ability  or  failure  of  the  organism  to  grow  in  the  animal 
body  and  invade  tissue  has  been  demonstrated  to  be  the  principal 
quality  accountable  for  the  decided  virulence  of  MonUia  albicans y 
feeble  virulence  of  MonUia  Candida,  and  the  lack  of  virulence  of 
MonUia  parapsilosis. 

The  majority  of  dental  textbooks  in  oral  pathology  list  MonUia 
albicans  as  the  exciting  cause  of  thrush,  but  little  else  is  mentioned 
regarding  MonUiae  except  the  possibility  of  their  etiological  import¬ 
ance  in  perleche.  A  greater  wealth  of  material  is  found  in  both  dental 
and  medical  journals  relative  to  the  importance  of  MonUiae  in  oral 
infections.  Downing  (30)  and  Fisher  (18)  have  presented  worthwhile 
reviews  on  the  role  of  these  organisms  in  oral  infections.  In  Table 
II  are  tabulated  reported  infections  involving  the  oral  cavity,  in 
which  MonUiae  were  suspected  of  playing  an  important  r61e.  This 
tablulation  does  not  include  the  frequently  reported  cases  of  thrush. 

EXPERIMENTAL 

The  cultures  of  yeastlike  fungi  reported  in  this  paper  include 
105  unknown  strains  isolated  from  oral  cavities,  6  known  strains 
(9),  MonUia  albicans,  MonUia  Candida,  MonUia  parapsUosis,  MonUia 
steUatoidea,  MonUia  krusei  and  MonUia  mortifera,  received  from  Duke 
University  and  a  strain  of  yeast  isolated  from  a  commercially  prepared 
yeast  cake. 

The  unknown  strains  were  isolated  from  various  locations  in  the  mouth  including  the 
tongue,  throat,  gingiva,  mucous  membrane  and  carious  teeth.  Sterile  cotton  swabs 
were  used  for  collecting  material  from  all  regions  except  carious  teeth  *  The  inoculated 

*  The  method  of  collecting  material  from  carious  teeth  is  described  later  in  the  paper. 
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TABLE  n 

Reported  infections  {moniliasis)  of  the  oral  cavity 


DESCRIPTION  OT  CASK 

OmOANISlf 

AUTBOm 

Sore  mouth  of  2  years  duration,  edentulous  patient 
52  years  of  age. 

Monilia  Candida 

Stovall  and 

Bubolx  (31) 

Denture  sore  mouth. 

Monilia 

Cahn  (32) 

Infection  following  extraction  of  mandibular  second 
molar.  Painful  swelling  in  buccal  region,  ex¬ 
tending  from  top  of  head  down  to  the  breast. 
Mucous  membrane  of  mouth  seemed  to  be  cov¬ 
ered  with  blisters  which  gave  pure  cultures  of 
Monilia. 

Monilia 

Hardgrove  (33) 

Infections  under  partial  dentures.  Two  cases. 

Monilia  albicans 

Bartels  (34) 

Sore  mouth,  7  yrs.  duration.  Thickened  mat  of 
whitish  filiform  projections  on  buccal  mucous 
membrane.  At  anterior  part  of  mandible,  at 
junction  of  gingiva  with  buccal  mucous  mem¬ 
brane  was  a  raised  lesion  suggestive  of  carcin¬ 
omatous  change. 

Monilia  Candida 

Engman  and 
Weiss  (36) 

Perforation  of  hard  palate  associated  with  pres¬ 
ence  of  Monilia  albicans. 

Monilia  albicans 

Laessle  (37) 

Persistent  infection  of  the  tongue.  Patient  male, 
age  24.  Heavy,  white  deposit  coating  the 
tongue.  Duration  of  infection  12  months. 

Monilia  bron- 
ckialisX 

Hoffstadt  and 
Wheelen  (38) 

Black  hairy  tongue.  Patient  male,  age  70.  Minute 
granules  between  elongated  papillae.  Duration 

6  months. 

Monilia  para- 
tropicalisX 

Montpelier  and 
Catanei  (39) 

Infection  of  the  tongue.  Tongue  twice  normal 
thickness  and  marked  by  deep  fissures.  Shiny, 
translucent,  whitish  membrane  on  sides  and  under 
surface.  Patient  edentulous. 

Monilia  pinoyi* 

Frost,  Suther- 
land-Campell 
and  Plunkett 
(40) 

Lesion  of  the  tongue.  Tongue  slightly  enlarged 
and  covered  with  peculiar  exanthema.  Narrow 
branching  white  streaks,  slightly  raised  and  ad¬ 
herent  over  the  dorsum  and  sides  of  the  tongue 
producing  a  geographic  appearance. 

Monilia  albicans 

Zeisler  (41) 

no 
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TABLE  ll-Conduded 


1 

DESCBJPTION  or  CASE  | 

OIGANISM 

AUTHOl 

Superficial  glossitis  and  perleche.  Twenty-two 
cases  of  perl^he  in  adults  which  were  compli¬ 
cated  by  superficial  glossitis  in  6  cases,  by  erosio 
interdigitalis  in  8  cases,  by  paronychia  in  8  cases 
and  by  dermatitis  of  the  toes  in  4  cases.  The 
authors  present  in  tabular  form  the  incidence  of 
all  yeastlike  strains  isolated  from  different  lesions 
but  consider  the  strains  other  than  Monilia  albi¬ 
cans  of  doubtful  etiological  importance. 

Monilia  albicans 
and  other 
yeastlike 
forms 

Robinson  and 
Moss  (42) 

Eruptions  at  an^es  of  mouth,  on  buccal  mucosa, 
tongue  and  palate.  Duration  of  infection,  8 
years.  Monilia  grown  from  all  sites. 

Monilia 

Traub  (43) 

Perl^e,  4  cases  of  adults. 

Monilia 

Frank  (23) 

Perleche,  epidemic  in  a  Chicago  orphanage.  Or¬ 
ganisms  (yeastlike)  in  77  of  100  cases. 

Monilia  and 
Cryptococcus 

Finnerud  (29) 

Monilia  infection  of  the  mouth,  fingers,  and  face. 
Boy  15,  condition  started  at  age  of  5  with  sores 
in  the  nx>uth. 

Monilia  psilosis* 

Downing  (44) 

Eruptions  in  the  mouth  also  on  right  breast,  finger 
nails,  toe  nails  and  toes.  Duration  3  years. 
Spread  from  nails  of  hands  to  toes  and  then  to 
the  mouth.  Patient  female,  age  45. 

Monilia  albicans 

Gross  (45) 

Moniliids  with  oral  manifestation.  Crusted  fis¬ 
sures  at  either  angle  of  the  mouth,  white  patch 
on  mucous  membrane  of  right  cheek.  Tongue 
deeply  furrowed,  bright  red  and  shiny.  Gingiva 
soft  and  swollen.  Other  lesions  on  body  also 
described.  Cultures  from  oral  mucosa  and  stools 
positive  for  Monilia  albicans.  Cultures  from 
cutaneous  lesions  negative  for  Monilia.  Skin 
]e^jn»  could  be  reproduced  by  injection  of  sterile 
extracts  of  Monilia  albicans. 

Monilia  albicans 
and  Moniliids 

1 

i 

Hopkins  (46) 

•  Probably  Monilia  albicans  (9). 

t  Martin  and  artarx-iates  (9)  list  a  Monilia  pseudotropicalis  as  identical  with  Monilia 
albicans. 

X  From  description  similar  to  Monilia  Candida. 
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swabs  were  streaked  over  Sabouraud's  agar  (47)  slants  and  then  used  to  inoculate  tubes 
of  glucose  acid  broth  (9).  These  tubes  were  incubated  at  37^C.  and  studied  for  growth 
of  yeastlike  organisms  on  the  7th  and  14th  day.  Negative  slants  were  observed  over 
a  period  of  4  weeks  before  being  discarded. 

Growth  in  both  the  slant  and  broth  cultures  were  studied  by  staining  with  Gram's 
stain  and  also  in  fresh  preparations,  i.e.,  emulsified  in  sterile  saline  (0.85  per  cent)  and 
observed  microscopically  with  a  magnification  of  450  X.  Suspensions  of  all  cultures 
containing  yeastlike  cells  were  streaked  on  Sabouraud’s  agar  and  blood  agar  plates. 
Negative  broth  cultures  were  streaked  on  Sabouraud’s  agar  slants.  The  freshly  inocu¬ 
lated  cultures  were  incubated  at  37‘’C. 

Sabouraud’s  agar  plates  were  studied  after  2  to  7  days  and  blood  agar  plates  after 
7  to  10  days.  A  colony  microscope  with  a  20  X  magnification  was  used  to  study  colonies. 
Colonies  of  each  of  the  different  types  were  studied  both  in  fresh  preparation  and  stained 
by  Gram’s  stain.  Representative  colonies  of  each  type,  in  which  only  yeast-like  organ¬ 
isms  were  found,  were  inoculated  on  Sabouraud’s  agar  slants  for  the  study  of  pore  cultures. 

After  many  preliminary  observations  the  following  points  were  noted:  (1)  Several 
different  tests  are  necessary  in  order  to  divide  these  organisms  into  different  spedes. 
(2)  Colonial  characteristics  on  Sabouraud’s  agar,  malt  extract  agar  (4,  5)  and  blood 
agar  were  not  sufficiently  distinctive  to  be  used  except  for  a  rather  rough  divisioa  into 
different  groups.  (3)  Size  of  cells  was  contraindicated  as  a  differential  point  becasse  of 
variation  in  the  size  of  cells  in  the  same  species.  (4)  The  most  constant  fermentative 
results  were  obtained  by  using  Berkefeld  filtered  carbohydrates  added  to  a  sterile  nutrient 
broth  base  containing  bromthymol  blue  (9).  (5)  In  comparing  reactions  obtained  in 
carbohydrate  media  containing  bromth>’mol  blue  or  bromcresol  purple  indicators,  no 
appreciable  difference  was  observed  when  readQy  fermentable  carfaoh>'drates  were  em¬ 
ployed,  but  fermentation  of  less  readily  fermented  sugars  was  detected  most  constantly 
with  the  use  of  bromthymol  blue  as  the  indicator.  (6)  Martin,  Jones,  Yao  and  Lee’s  (9) 
method  of  inoculating  carbohydrates  from  saline  suspensions  of  growth  on  nutrient 
agar  slants  and  subsequently  sealing  the  tubes  was  compared  with  a  method  described 
by  Hopkins  and  Hesseltine  (7).  The  latter  investigators  inoculated  tubes  with  a  2  mm. 
(approximately)  loopful  of  growth  from  Sabouraud’s  sUnts.  Results  with  readily  fer¬ 
mentable  and  nonfermentable  sugars  were  similar  but  less  readily  fermentable  sugars 
were  fermented  slower  when  tubes  were  inoculated  from  nutrient  agar  and  sealed.  The 
sealed  tubes  were  advantageous  though  in  preventing  evaporation  of  the  medium  and 
the  return  to  alkalinity  from  acidity.  The  use  of  both  methods  plus  the  sealing  of  one 
set  of  carbohydrates  inoculated  from  Sabouraud’s  slants  were  useful  in  checking  results. 
The  latter  method  was  found  preferable  for  routine  work  in  this  laboratory.  (7)  Com 
meal  agar  growth  both  in  petri  dish  plates  according  to  Benham’s  (2)  technique  and  on 
slide  cultures  treated  and  stained  according  to  Martin,  Jones,  Yao  and  Lee’s  (9)  tech¬ 
nique  were  helpful.  The  former  method  was  adopted  for  routine  study  and  the  latter 
method  for  permanent  preparation  of  representative  species. 

The  final  method  of  classification  found  to  be  most  useful  in  this  laboratory  was  very 
similar  to  that  used  by  Martin,  Jones,  Yao  and  Lee  (9)  modified  by  parts  of  the  tech¬ 
niques  used  by  Bcnham  (2),  Hopkins  and  Hesseltine  (7)  and  Stovall  and  Bubob  (4,  5). 
.\n  outline  of  the  procedure  adopted  is  as  follows:  t^)re  cultures  on  Sabouraud's  agar 
slants  were  used  to  inoculate  nutrient  agar  slants  (9).  The  nutrient  agar  slant  cultures 
were  incubated  at  37'’C.  for  48  hours  and  the  growth  used  to  inoculate  fresh  slants. 
This  was  repeated  until  the  fourth  generation  on  nutrient  agar  was  obtained.  Twenty- 
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four  to  36-hour  growths  of  the  last  nutrient  agar  slant  and  the  24-hour  growths  on 
Sabouraud’s  agar  were  used  to  inoculate  the  following  media  as  indicated:  (1)  Glucose 
add  broth  was  inoculated  from  Sabouraud  agar.  (2)  Com  meal  agar  was  inoculated 
from  both  slants.  (3)  1  per  cent  carbohydrates:  glucose,  sucrose,  lactose,  maltose  and 
levulose  were  inoculated  as  previously  described.  (4)  Caldum  lactate  milk  (5)  was 
inoculated  with  a  2  mm.  loopful  of  growth  from  a  Sabouraud  slant.  (5)  Carrot  slants  (9) 
and  Gorodkowa’s  agar  slants  (1)  were  inoculated  with  growth  from  Sabouraud’s  slants. 
(6)  Blood  agar  plates  were  streaked  with  a  48'hour  growth  of  the  glucose  acid  broth 
culture.  Culttires  on  the  com  meal  agar,  Gorodkowa’s  agar  and  the  carrot  slants  were 
mcubated  at  room  temperatiue.  The  other  cultures  were  incubated  at  37‘’C. 

For  control  work  all  media  were  incubated  for  24  hours  before  use.  Uninoculated 
tubes  of  all  media  were  incubated  along  with  each  series  of  experiments  and  one  tube 
of  each  carbohydrate  was  inoculated  with  a  strain  of  Neisseria  catarrkalis  as  a  check. 
One  tube  of  each  carbohydrate  was  inoculated  with  a  strain  of  Bacterium  coli  communior 
which  organism  ferments  these  carbohydrates. 

METHOD  OF  STUDYING  RESULTS 

Glucose  add  broth  cultures  were  studied  after  48  hours  for  types 
of  pellide  formation  (9).  Corn  meal  agar  cultures  were  used  to  study 
the  type  of  mycelium,  presence  or  absence  of  chlamydospores  and  the 
t>T>e  and  arrangement  of  blastospores.  Carbohydrates  were  studied 
for  add  or  add  and  gas  and  calcium  lactate  milk  for  coagulation  at 
2,  3,  6,  10,  14,  21  and  28  day  intervals.  Wet  preparations  and 
malachite  green  spore  stains  (48)  were  used  for  studying  growth  on 
carrot  slants  and  Gorodkowa’s  media  at  intervals  of  3,  7,  30,  and  60 
days.  This  spore  stain  was  found  to  be  an  aid  in  detecting  ascospores. 
In  some  cultures  in  which  no  ascospores  could  be  found,  there  were 
some  scattered  diffuse  areas  of  green  left  in  the  cells  and  mycelium. 
The  true  ascospores  were  clearly  stained  and  arranged  as  the  typical 
textbook  pictures. 

Growth  on  blood  agar  was  studied  after  7  to  10  days  and  served 
to  divide  the  organisms  into  two  groups,  those  growing  readily  and 
forming  colonies  2  to  5  mm.  in  diameter  and  those  forming  small 
colonies  less  than  1  mm.  in  diameter.  It  also  served  as  an  additional 
check  on  bacterial  contaminants. 

The  Duke  strains  gave  the  reactions  described  by  Martin,  Jones, 
Yao  and  Lee  (9)  with  the  following  exceptions:  (1)  The  parapsilosis 
strsun  formed  acid  slowly  in  sucrose  even  when  inoculated  according 
to  their  technique  (9).  The  sucrose  was  positive  only  after  10  days. 
However,  this  was  longer  than  the  period  they  reported  as  holding 
their  cultures.  (2)  The  ball-like  clusters  on  Monilia  albicans  de- 
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scribed  as  occasionally  seen  were  found  with  a  fair  degree  of  regularity 
after  5  to  7  days  on  corn  meal  agar  as  illustrated  by  Benham  (3). 
(3)  Blood  agar  colonies  of  Monilia  albicans,  Monilia  Candida,  and 
Monilia  parapsilosis  were  1.5  to  2  times  larger  than  described  by 
Martin  and  associates  (9).  Some  of  the  colonies  of  Monilia  albicans 
were  found  to  have  smooth  borders,  others  filamentous  outgrowths 
which  were  usually  deep  in  the  media.  This  prevented  a  clear  cut 
differentation  between  some  colonies  of  Monilia  albicans  and  Monilia 
parapsilosis  and  between  some  colonies  of  Monilia  albicans  and 
Monilia  Candida.  The  difference  may  probably  be  explained  by  the 
difference  in  blood  used  as  6  per  cent  defibrinated  rabbit’s  blood  was 
substituted  for  the  10  per  cent  dtrated  sheep  blood  used  by  Martin, 
Jones,  Yao  and  Lee  (9).  It  should  also  be  noted  that  Difco’s  peptone 
was  substituted  for  Fairchild’s  peptone  in  the  glucose  add  broth  but 
results  were  comparable  to  the  results  of  Martin  and  assodates  (9). 

The  following  characteristics  were  used  in  grouping  the  Moniliae 
into  six  species:  (1)  Monilia  albicans:  Tree-like  mycelium  with  the 
formation  of  definite  chlamydospores  after  2  to  5  days  on  com  meal 
agar  (as  illustrated  by  Benham  (3)  and  by  Martin,  Jones,  Yao  and 
Lee  (9))  with  the  usual  formation  later  of  ball-like  dusters  along  the 
mycelium;  good  growth  on  blood  agar  (well  isolated  colonies  2  to  4 
mm.  in  diameter);  coagulation  of  calcium  lactate  milk;  no  pellide 
formed  in  glucose  add  broth;  add  and  gas  in  glucose,  maltose,  and 
levulose;  acid  in  sucrose;  no  fermentation  of  lactose.  (2)  Monilia 
Candida:  Readily  formed  mycelia  on  corn  meal  agar,  but  without 
formation  of  chlamydospores  or  the  characteristic  dusters  formed  by 
Monilia  albicans;  good  growth  on  blood  agar  (well  isolated  colonies 
2-4  mm.  in  diameter) ;  caldum  lactate  milk  not  clotted;  surface  growth 
in  glucose  acid  broth  characterized  by  a  narrow  film  broken  up  with 
bubbles;  acid  and  gas  in  glucose,  sucrose,  maltose,  and  levulose;  no 
fermentation  of  lactose.  (3)  Monilia  parapsilosis:  Mycelia  forms 
slowly  in  corn  meal  agar;  no  chlamydospores;  no  pellicle  is  formed  in 
glucose  acid  broth;  coagulation  of  caldum  lactate  milk  is  slow  or 
negative;  acid  and  gas  in  glucose  and  levulose; no  fermentation  of 
maltose  and  lactose;  sucrose  positive  or  negative  for  acid;  growth  on 
blood  agar  usually  fair  (well  isolated  colonies  1.5  to  2  nun.  in  lUameter). 
(4)  Monilia  mortifera:  Mycelia  forms  slowly  in  corn  meal  agar;  no 
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chlamydospores;  rapid  coagulation  of  calcium  lactate  milk;  no  pellicle 
formed  in  glucose  acid  broth;  growth  on  blood  agar  scant  (well  isolated 
colonies  rarely  over  0.5  to  1  mm.  in  diameter) ;  acid  and  gas  in  glucose, 
lactose,  sucrose  and  levulose;  no  fermentation  of  maltose.  (5) 
Monilia  krusei:  Readily  formed  mycelia  on  corn  meal  agar;  no 
chlamydospores;  blastospores  oblong;  scant  growth  on  blood  agar 
(well  isolated  colonies  rarely  over  0.5  to  1  mm.  in  diameter);  no 
coagulation  of  calcium  lactate  milk;  good  surface  growth  in  glucose 
acid  broth  which  appears  dry  and  extends  up  the  sides  of  the  tube  4 
to  6  mm;  this  strain  is  differentiated  from  the  others  on  Sabouraud’s 
agar  slants  by  its  flat,  dry  appearing  growth;  acid  and  gas  in  glucose 
and  levulose;  no  fermentation  of  maltose,  lactose  and  sucrose.  (6) 

TABLE  m 

Clasnfication  c/ 105  recently  isolated  strains  from  the  oral  cavity 


Monilia  albicans .  69 

Monilia  Candida .  5 

Monilia  krusei .  4 

Monilia  mortifera .  2 

Monilia  parapsilosis  (add  in  sucrose  and  dot  in  milk) .  4 

Monilia  parapsilosis  (negative  in  sucrose  and  negative  in  milk) .  3 

Saccharomyces  ceretisiae  (?) .  4 

Yeast  (?) .  2 

Cryptococci .  10 

UnclaaaiBed  Moniliae .  2 


Monilia  stellatoidea:  Produces  dense  ball-like  clusters  on  mycelia; 
chlamydospores  are  rare,  if  present  at  all;  no  surface  growth  in  glucose 
add  broth;  coagulation  of  caldum  lactate  milk;  growth  on  blood  agar 
fair  with  formation  of  star-like  colonies;  acid  and  gas  in  glucose, 
maltose  and  levulose;  no  fermentation  of  sucrose  and  lactose. 

In  this  work  no  strains  of  Monilia  stellatoidea  were  isolated  and  the 
only  strain  studied  was  the  Duke  strain.  Strains  failing  to  produce 
mycelia  in  corn  meal  agar  and  failing  to  produce  ascospores  were 
grouped  as  Cryptococci.  Strains  failing  to  produce  mycelia  in  com 
meal  agar  but  producing  ascospores  were  grouped  as  yeast. 


Using  these  differential  {X)ints  and  checking  with  the  Duke  strains, 
the  105  unknown  organisms  which  were  isolated  in  our  laboratories 
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Eight  of  the  ten  strains  of  Cryptococci  were  isolated  at  weekl}' 
intervals  from  the  same  mouth  and  29  of  the  strains  of  Monilia  albicans 
from  only  4  different  mouths  at  weekly  intervals.  These  8  strains  of 
Crypiococci  and  one  other  strain  were  apparently  identical;  add  and 
gas  in  glucose  and  levulose;  no  fermentation  of  lactose,  sucrose  and 
maltose;  grew  poorly  on  blood  agar;  coagulated  milk  after  10  to  14 
days  when  inoculated  heavily.  The  other  strain  produced  add  in 
glucose,  sucrose  and  levulose  and  did  not  coagulate  the  milk  and  failed 
to  ferment  lactose  and  maltose.  From  colony  characteristics  they 
were  probably  all  similar  to  Benham’s  groups  I  and  II  (14). 

The  Saccharomyces  strains  were  identical  with  a  strain  of  yeast 
isolated  from  a  yeast  cake.  These  strains  reacted  as  follows:  Add 
and  gas  in  glucose,  sucrose,  maltose,  and  levulose;  no  fermentation 
of  lactose  and  no  coagulation  of  milk;  poor  growth  on  blood  agar; 
good  growth  on  Sabouraud’s  agar;  definite  formation  of  ascospores. 
Two  strains  listed  as  yeast  (?)  were  isolated  on  2  consecutive  weeks 
from  the  same  mouth.  They  grew  poorly  on  blood  agar;  did  not  coag¬ 
ulate  milk;  showed  no  mycelia;  were  oblong  cells  about  1.5  to  2 
X  3  to  5  microns  and  fermented  glucose  and  le\ulose  slowly  with  add 
and  gas;  lactose,  sucrose,  and  maltose  were  not  fermented;  an  occa¬ 
sional  cell  containing  2  questionable  ascospores  was  found  after  7 
to  10  days  on  Gorodkowa’s  medium  (1). 

The  2  undassified  strains  of  Moniliae  were  isolated  on  2  consecutive 
weeks  from  one  individual.  These  strains  were  identical;  add  and 
gas  in  glucose  and  levulose;  acid  in  sucrose  and  maltose;  no  fermen¬ 
tation  of  lactose  and  no  coagulation  of  milk;  no  pellicle  in  glucose  acid 
broth;  definite  mycelia  was  formed  after  2  to  4  days  on  corn  meal 
agar  without  chlamydospores  but  wdth  a  few  ball-like  clusters  along 
the  mycelia 

Since  Monilia  albicans  was  the  most  constantly  found,  a  more 
detailed  study  was  made  of  these  organisms.  Forty  different  strains 
were  inoculated  into  milk  and  media  containing  1  per  cent  of  the 
following  carbohydrates:  glucose,  lactose,  sucrose,  maltose,  mannitol, 
salicin,  levulose,  mannose  and  galactose.  Each  tube  was  inoculated 
with  a  2  mm.  loopful  of  a  24  hour  Sabouraiurs  agar  growth  and  all 
tubes  except  the  milk  tube  were  sealed  with  vaseline.  Results  were 
read  after  10  days  and  21  days. 
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All  strains  showed  the  following  results:  Acid  and  gas  in  glucose, 
maltose,  mannose  and  levulose;  acid  only  in  sucrose  and  galactose; 
lactose,  mannitol  and  salicin  were  not  fermented ;  milk  was  coagulated. 
The  only  variation  from  this  was  the  slight  amount  of  gas  formed 
from  galactose  after  21  days  in  the  case  of  six  species. 

YEASTLIKE  FUNGI  FROM  DIFFERENT  SOURCES 

Table  IV  contains  a  tabulation  of:  A.  Cultures  taken  from  the 
gingival  mucous  membranes  of  67  sophomore  medical  students,  25 


TABLE  IV 


INCIOKNCE  or  YEASTLIKE  I 
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HoU:  No  cultures  of  Sporotrichia,  Blattomycet  or  Trichophytons  were  encountered.  Three  tubes  of  the 
entire  series  were  apparently  contaminated  with  2  strains  of  Uucor  and  one  of  Penicillum. 


sophomore  dental  students,  3  laboratory  workers,  and  51  clinic 
cases  (1937-1938).  B.  The  123  dentate  cases  of  Series  A.  C.  Six¬ 
teen  fully  edentulous  cases  and  6  cases  wearing  partial  dentures  from 
the  clinic  series  and  one  sophomore  dental  student  wearing  a  partial 
denture.  D.  Cultures  of  50  carious  teeth  from  26  mouths.  E.  Total 
number  of  cultures  taken  on  5  consecutive  instances  from  the  gingival 
mucous  membrane  of  25  sophomore  dental  students  and  one  labora¬ 
tory  worker. 

Material  from  carious  teeth  was  secured  with  spoon  excavators  and 
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inoculated  into  glucose  acid  broth.  The  excavators  were  placed  in 
sterile  tubes  of  glucose  acid  broth  before  culturing  from  the  teeth. 
The  entire  gingival  mucous  membrane  surfaces  of  each  mouth  was 
swabbed  with  sterile  cotton  and  cultured  in  glucose  acid  broth.  The 
latter  2  cultures  were  for  controls.  All  cultures  of  the  uninoculated 
excavators  were  negative  for  yeastlike  organisms. 

Nine  of  the  26  mouths  of  the  caries  series  had  gingival  cultures  that 
were  positive  for  Monilia  albicans.  One  of  the  9  was  also  positive 
for  Monilia  krusei.  Eight  of  the  9  positive  cases  also  had  carious 
teeth  that  were  positive  for  Monilia  albicans.  Two  teeth  gave  posi¬ 
tive  findings  for  Monilia  albicans,  one  for  Monilia  mortifera  and 

TABLE  V 


Comparison  cf  occurrence  of  yeastlike  organisms  in  irritated  and  non-irritated  edentulous 

mouths 
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another  for  Saccharomyces  cerevisiae  whereas  the  gingival  cultures 
were  negative.  In  the  same  mouth  yeastlike  organisms  might  be 
isolated  from  one  tooth  and  not  from  the  others. 

No  correlation  was  noted  between  the  presence  of  yeastlike  or¬ 
ganisms  and  the  condition  of  gingival  health.  No  cases  cultured  had 
any  lesions  suggestive  of  thrush  or  perleche.  In  the  caries  series 
there  was  no  correlation  between  the  presence  of  yeastlike  organisms 
and  the  degree  of  caries. 

In  the  edentulous  series  (full  and  partial)  12  complained  of  slight 
irritation  and  11  reported  no  discomfort.  Results  of  yeastlike 
organisms  found  are  tabulated  in  Table  V.  This  series  is  too  small 
to  be  of  much  value.  It  should,  however,  be  pursued  further. 
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Table  VI  contains  an  additional  tabulation  of  the  weekly  gingival 
cultures  of  the  25  sophomore  dental  students  and  one  laboratory 
worker. 

It  seems  reasonable  to  assume  that  in  4  of  the  cases  (15.4  per  cent) 
yeastlike  organisms  were  probably  constant  inhabitants.  In  8 
cases  (30.8  per  cent)  the  organisms  were  probably  transients. 

Monilia  albicans  was  present  in  each  positive  culture  from  the  4 
most  constantly  positive  cases.  In  a  culture  of  one  of  these  cases, 
Monilia  Candida  was  found.  In  another  case  a  Cryptococcus  was  also 
found  in  ever>"  culture;  a  partial  denture  was  worn  by  this  student. 
In  the  cases  positive  only  twice,  one  was  positive  on  consecutive 
weeks  for  similar  strains  of  an  unidentified  Monilia.  Another  was 
positive  on  consecutive  weeks  for  similar  strains  of  a  questionable 


TABLE  VI 

Percentage  of  yeasilike  organisms  found  in  weekly  gingival  cultures 


KUMBEl 

PEK  CENT 

Total  number  cultured  on  weekly  intervals . 

26 

100 

Number  negative  for  four  or  five  consecutive  cultures . 

14 

53.85 

Number  positive  for  one  culture  only . 

5 

19.23 

Number  positive  for  two  cultures  only . 

3 

11.54 

Number  positive  for  three  cultures  only . 

0 

0 

Number  positive  for  four  cultures  only . 

2 

7.69 

Number  positive  for  five  consecutive  cultures . 

2 

7.69 

yeast  or  Cryptococcus.  The  other  case  was  positive  one  week  for 
Monilia  mortifera  and  three  weeks  later  for  Monilia  parapsilosis. 

The  5  cases  positive  only  once  yielded  2  strains  of  Monilia  Candida, 
2  strains  of  Monilia  albicans  and  one  strain  of  Monilia  parapsilosis. 

In  order  to  study  the  distribution  of  Moniliae  in  the  same  mouth, 
the  mucous  membranes  of  14  different  areas  in  each  of  3  of  the  dental 
students  known  to  harbor  Moniliae  were  cultured.  Each  area  was 
cultured  once  a  week  for  4  consecutive  weeks.  Results  are  recorded 
in  Table  VII.  These  are  arranged  according  to  the  number  of  times 
each  was  positive. 

Only  the  tongue  cultures  were  studied  for  classification.  Others 
were  merely  identified  as  positive  or  negative  for  yeastlike  fungi. 
The  tongue  cultures  from  cases  B  and  C  were  positive  for  Monilia 
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albicans  and  from  S  for  a  Cryptococcus  and  Monilia  albicans.  This 
gives  the  impression  that  the  organisms  were  scattered  throughout 
the  mouth  but  found  most  constantly  in  the  tongue  and  throat  cul¬ 
tures. 

A  comparison  of  the  number  of  positive  cultures  on  slants  and  in 
broth,  where  the  same  swab  was  used  to  inoculate  both  media,  was 
made.  This  included  cultures  from  several  series.  Of  440  swab 

TABLE  vn 

Incidence  of  yeasUike  organisms  from  different  areas  of  the  oral  caeity 


no.  or  rosmvx  wammca  non 
4  WnZLT  CUtXVMMB 


CaaeB  | 

CueC  j 

CateS 

Buccal  of  left  maxillary  molar  r^on . 

■■ 

4 

Lingual  of  left  maxillary  molar  region . 

4 

Buccal  of  left  mandibular  molar  region . 

2 

4 

Lingual  of  left  mandibular  molar  region . 

1 

4 

Buccal  of  right  maxillary  molar  region . 

1 

Lingual  of  right  maxillary  molar  region . 

1 

!  4 

Buccal  of  right  mandibular  molar  region . 

4 

Lingual  of  right  mandibular  molar  region . 

3 

1 

3 

Labial  of  anterior  maxillary  region . 

0 

1 

3* 

Lingual  of  anterior  maxillary  region . 

1 

0 

4t 

Labial  of  anterior  mandibular  region . 

0 

2 

1 

Lingual  of  anterior  mandibular  region . 

0 

1 

3 

Tongue  (posterior  surface) . 

4 

4 

4 

Throat . 

4 

4 

4 

Cases  B  and  S  bad  been  positive  5  straight  weeks  previously  and  case  C  4  out  of  5 
weeks.  Case  S  wore  a  small  partial  denture  replacing  the  anterior  maxillary  teeth. 

*  Culture  from  anterior  region  of  the  denture. 

t  Culture  from  the  edentulous  anterior  region. 

Only  the  tongue  cultures  were  studied  for  classification.  Others  were  merely  identified 
as  positive  or  negative  for  yeastlike  fungi.  The  tongue  cultures  from  cases  B  and  C 
were  positive  for  Monilia  albicans  and  from  S  for  a  Cryptocaccus  and  Monilia  albicans. 

cultures  in  both  media,  67  were  positive  on  slants  and  175  in  broth. 
In  only  one  case  was  a  slant  culture  positive  and  the  corresponding 
broth  culture  negative.  Slants  reinoculated  with  positive  broth 
cultures  were  always  positive.  This  suggests  the  possibility  that  the 
organisms  in  many  cases  were  so  few  that  they  were  not  detected  on 
slants.  It  may  also  explain  the  greater  percentage  of  positive  cultures 
than  those  reported  by  some  of  the  other  investigators. 
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PATHOLOGY* 

A.  Clinical:  Strains  of  Monilia  albicans  and  Cryptococcus  that  were 


apparently  constant  inhabitants  in  the  mouths  of  4  dental  students 
were  used  for  pathogenicity  tests.  Taking  into  consideration  ex- 

TABLE  VIII 

Results  of  pathogenicity  tests 

EESULTS 

First  Experiment 

Rabbits  #  1  and  2  injected  with  different  strains  of  Monilia  al¬ 
bicans  from  case  B 

Died  fourth  night 

Rabbit  HI  3  injected  with  a  strain  of  Monilia  albicans  from  case  A 

Died  fourth  night 

Rabbit  fH  4  injected  with  a  strain  of  Monilia  albicans  from  case  C 

Survived 

Rabbit  #  5  injected  with  a  strain  of  Monilia  albicans  from  case  S 

Developed  definite 
nervous  disorder  on 
seventh  day 

Rabbit  #  6  injected  with  a  strain  of  Cryptococcus  from  case  S 

Survived 

Rabbit  fit  7  injected  with  a  strain  of  Sauharomyces  cerevisiae  from 
a  yeast  cake 

Survived 

Second  Experiment 

Rabbit  Id  8  injected  with  1.5  times  the  first  dose  of  Monilia  al¬ 
bicans  from  case  C 

Died  seventh  day 

Rabbits  fd  5  and  Id  8  developed  a  distinct  nervous  disorder  on  the  seventh  day.  This 
was  characterized  by  a  rhythmic  swaying  of  the  head  from  side  to  side  (athetosis), 
inability  to  move  forward  and  extreme  difficulty  in  regaining  a  standing  position  if 

pushed  over  (ataxia).  Rabbit  #  8  died  late  in  the  seventh  day,  while  rabbit  #  5  appeared 
to  improve  slightly  until  the  thirty-fifth  day  when  it  developed  a  complete  flaccid 
paralysis  of  the  left  hind  leg  and  rigidity  of  the  neck  with  a  decided  extension  of  the 
head.  The  animal  was  killed  and  autopsied  on  the  thirty-flfth  day. 

p)eriments  recorded  in  Table  IV  (E)  and  Table  VII,  2  of  these  students 
(cases  B  and  S)  had  positive  cultures  for  9  different  weeks,  while  case 

*The  author  is  indebted  to  Dr.  Harold  Gordon,  Associate  Professor  of  Pathology, 
for  the  interpretation  of  the  pathological  findings. 
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C  was  positive  for  8  of  9  weeks.  The  fourth  student,  case  A,  had 
positive  cultures  4  out  of  5  times.  Saccharotnyces  cerevisiae  was 
used  for  control  tests.  The  organisms  were  grown  for  24  hours  on 
Sabouraud’s  agar  at  a  temperature  of  37®C.  The  growth  was  sus¬ 
pended  in  sterile  saline  (0.85  per  cent).  The  suspensions  contained 
approximately  30,000,000  cells  per  cc.  Estimates  were  made  by 
direct  count  using  a  haemocytometer.  Rabbits  were  injected  intra¬ 
venously.  The  dosage  for  Monilia  albicans  strains  was  approximately 
1.5  million  organisms  per  100  grams  of  body  weight,  while  approxi¬ 
mately  twice  this  dosage  was  used  for  the  yeast  and  cr\'ptococcus 
strains.  Results  are  tabulated  in  Table  VIII. 

B.  Gross  Pathology:  The  autopsy  findings  in  general  were  similar  in  rabbits  Nos.  1, 
2,  3,  and  8.  Internal  Organs  (Summary);  Lungs:  Subplexiral  pin-head  size  granulo¬ 
matous  nodules,  some  with  gelatinous  softening  of  the  central  zones  and  early  abscess 
formation.  Several  petechiae  beneath  the  pleura.  Spleen:  Hyperplasia  of  the  follicles. 
Pulp  pale,  enlarged  and  soft.  Liver:  Enlarged,  capsule  smooth.  No  gross  lesions  seen. 
Intestines:  No  lesions  seen  grossly.  Kidneys:  Markedly  enlarged,  pale  and  soft.  Cap¬ 
sule  thickened.  Cut  surface  studded  with  miliary  abscesses  in  the  cortex  and  outer 
third  of  the  medulla,  embolic  nephritis.  Brain  (^8):  Showed  no  gross  lesions.  Mo- 
nilia  albicans  was  recovered  from  the  kidneys,  lungs,  liver  and  spleen  of  all  four  rabbits. 

Rabbit  #5.  Lungs,  liver,  spleen,  heart,  brain  and  spinal  cord  showed  no  gross 
lesions.  Kidneys:  Slightly  enlarged,  soft  and  pale;  cortex  contained  a  few  small  ab¬ 
scesses;  medulla  not  remarkable,  early  embolic  nephritis. 

C.  Microscopy:  Microscopic  sections  were  prepared  from  rabbits  1,  3,  and  8.  The 
reactions  observed  in  rabbits  1,  and  3  were  similar  in  most  respects.  Kidneys  (#1 
and  ^3):  Cortex  contains  numerous  miliary  abscesses  in  and  about  the  glomeruli. 
Only  an  occasional  glomerulus  has  escaped  involvement.  The  surrounding  convoluted 
tubules  show  simple  and  caseous  necrosis.  In  some  areas  the  abscesses  have  become 
confluent.  A  few  of  the  convoluted  tubels  contain  excretory  abscesses.  In  the  abscessed 
areas  are  numerous  yeastlike  organisms  in  a  few  mycelial  forms.  There  are  also  a  few 
excretory  abscesses  in  the  medullary  tubules.  Lungs  ( iff  1  and  %  3) :  .\lveolar  spaces 
contain  bloody  and  serous  fluid;  there  is  an  early  purulent  reaction  about  some  of  the 
small  bronchi,  liver  ( ^  3) :  The  liver  cells  show  cloudy  swelling  and  early  fatty  degen¬ 
eration.  There  is  a  granulomatous  reaction  in  some  of  the  islands  of  Glisson  in  which 
large  multinucleated  giant  cells  are  present.  Liver  ( iK  1) :  The  connective  tissue  about 
the  islands  of  Glisson  is  increased  in  amount  and  in  a  few  areas  extends  to  encircle  some 
of  the  lobules.  An  occasional  area  of  focal  necrosis  is  present  in  some  of  the  islands  of 
Glisson.  These  contain  a  few  yeastlike  cells.  Spleen  (il  and  #3):  The  splenic  pulp 
shows  a  few  areas  of  focal  necrosis.  In  the  necrotic  areas  are  numerous  yeastlike 
organisms. 

Rabbit  Hi  8.  Kidneys:  As  described  for  rabbit  0 1  and  0  3.  Lungs:  Occasional 
perivascular  granulation  tissue  proliferation,  similar  to  those  seen  in  the  brain,  are 
present.  Liver:  Slight  fatty  degeneration  and  cloudy  swelling.  Brain:  Cerebrum: 
The  brain  stem  shows  numerous  conglomerate  granulomatous  areas  characterized  by  an 
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accumulation  of  monocytes,  lymphocytes  and  polymorphs  about  areas  of  recent  necrosis. 
Within  the  necrotic  zones  are  several  yeastlike  bodies.  The  lesions  simulate  those  found 
in  the  kidneys  except  for  a  more  recent  inflammatory  reaction.  Cerebellum:  The  lepto- 
meninges  show  small  focal  areas  of  lymphocytic  infiltration.  In  the  substance  of  the 
cerebellum  are  several  minute  inflammatory  areas  characterized  by  collections  of  mono¬ 
cytes  and  l)rmphocytes.  The  Purkinje  cells  show  a  nonspecific  degenerative  change  and 
concentration  of  their  nissl  substance. 

SUMMARY  AND  CONCLUSIONS 

A  review  of  literature  reveals  the  widespread  occurrence  of  yeast¬ 
like  fungi.  The  lack  of  a  standard  method  of  classification  has  caused 
much  confusion  in  the  study  of  these  organisms.  More  recent  at¬ 
tempts  to  simplify  the  classification  have  been  beneficial  in  study¬ 
ing  yeastlike  organisms  both  in  normal  and  in  pathological  conditions. 
It  is  important  to  note  the  impossibility  of  dividing  the  organisms 
into  their  correct  genera  by  morphological  study  alone.  The  aim  of 
the  experiments  reported  in  this  work  was  to  study  yeastlike  organ¬ 
isms  found  in  the  oral  cavity  using  the  more  recent  methods  of  classi¬ 
fication. 

Initial  cultures  taken  from  the  mucous  membrane  of  146  oral 
cavities  were  positive  for  yeastlike  fungi  in  36.9  per  cent  of  the  cases 
and  for  Monilia  albicans  in  23.9  per  cent.  Yeastlike  fungi  were  found 
in  32.5  per  cent  of  123  dentate  cases  and  in  60.87  per  cent  of  23  cases 
either  fully  edentulous  or  wearing  partial  dentures.  The  percentage 
of  cases  positive  for  Monilia  albicans  was  24.39  per  cent  for  the 
dentate  and  21.74  per  cent  for  the  edentulous  series.  Therefore,  it 
is  evident  that,  in  this  study,  yeastlike  organisms  other  than  Monilia 
albicans  are  found  with  greater  regularity  in  cases  wearing  artificial 
dentures. 

In  a  study  of  the  incidence  of  yeastlike  organisms  in  the  same 
mouths  over  a  series  of  weeks,  the  organisms  were  considered  as  con¬ 
stant  inhabitants  in  4  of  26  cases  (15.4  per  cent).  The  yeastlike 
fungi  harbored  in  the  four  mouths  were  Monilia  albicans. 

The  only  case,  in  the  series  of  26,  wearing  a  partial  denture  had 
constantly  positive  cultures  for  a  Cryptococcus  in  addition  to  the 
Monilia  albicans. 

Yeastlike  organisms  found  occasionally  in  other  mouths  studied 
over  a  series  of  weeks  were  relatively  evenly  distributed  among 
Monilia,  Cryptococcus,  and  Saccharomyces. 
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In  a  study  of  different  areas  of  mouths  known  to  harbor  yeast¬ 
like  fungi  the  organisms  were  found  to  be  scattered  over  the  mouth 
but  the  tongue  and  throat  cultures  were  the  most  constantly  positive. 

The  percentage  of  positive  cases  agree  in  general  with  Fisher’s 

(18)  work.  The  finding  of  organisms  scattered  throughout  the 
mouth  is  also  in  agreement  with  Fisher  (18),  who  found  Monilia 
albicans  in  the  saliva  of  26.2  per  cent  of  the  cases.  The  percentage 
of  positive  cases  was  greater  than  the  14.7  per  cent  reported  by  Todd 

(19) .  This  may  possibly  be  explained  by  the  fact  that  in  the  author’s 
experiments  swabs  were  cultured  on  slants  and  in  broth. 

In  the  series  studied  no  lesions  resembling  thrush  or  perleche  were 
noted.  No  correlation  could  be  made  between  the  presence  of  yeast¬ 
like  fungi  and  the  health  of  the  gingival  tissues.  In  a  series  includ¬ 
ing  cultures  from  50  carious  teeth  no  correlation  between  caries  and 
the  presence  of  yeastlike  organisms  could  be  detected. 

These  experiments  along  with  a  review  of  literature  suggests  that 
yeastlike  organisms  may  be  found  in  apparently  normal  mouths  both 
as  transients  and  as  constant  inhabitants.  Of  the  yeastlike  organisms 
found  Monilia  albicans  is  most  often  encountered.  Pathogenicity 
experiments  prove  that  the  Monilia  albicans  strains  found  in  ap¬ 
parently  normal  mouths  are  capable  of  producing  a  generalized 
moniliasis  in  rabbits. 

In  discussing  the  idle  of  Moniliae  in  bronchial  and  pulmonary  in¬ 
fections,  Benham  (2)  points  out  that  it  is  debatable  whether  the  or¬ 
ganism  found  in  the  sputum  is  the  causative  agent,  contributing 
factor,  or  an  accidental  finding.  The  oral  pathologist  is  confronted 
with  much  the  same  confusing  problem.  The  organisms  are  present 
in  many  apparently  normal  mouths  without  causing  any  p)erceptible 
pathological  condition,  yet  one  cannot  completely  disregard  the 
yeastlike  fungi  because  of  the  many  reports  of  lesions  in  the  oral 
cavity  in  which  the  organisms  are  suspected  of  being  either  the  ex¬ 
citing  or  contributing  cause. 

The  reports  of  Cahn  (32)  and  Bartels  (34)  are  evidence  of  the 
etiological  r61e  Moniliae  may  play  in  denture  sore  mouth  but  one  must 
not  forget  the  many  other  possible  causes  of  denture  sore  mouth: 
ill  fitting  dentures,  systemic  conditions,  and  possible  sensitization 
to  baseplate  materials  and  denture  creams. 
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The  evidence  at  hand  seems  to  justify  the  following  conclusions: 
The  mere  finding  of  yeastlike  fungi  in  oral  lesions  is  not  sufficient 
evidence  to  attach  any  etiological  importance  to  the  organisms.  The 
fact  that  the  organisms  are  found  in  many  normal  mouths  does  not 
license  the  oral  pathologist  and  bacteriologist  to  disregard  them  if 
found  in  lesions.  These  points  stress  the  importance  of  correlation 
of  findings  by  the  laboratory  and  clinical  diagnosticians.  . 
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THE  DETERMINATION  OF  HALITOSIS  BY  USE  OF  THE 
OSMOSCOPE  AND  THE  CRYOSCOPIC  METHOD*  • » 

ROBERT  H.  BRENING,  D.D.S.,*  GLENN  F.  SULSER,  D.D.S.,*  and 
LEONARD  S.  FOSDICK,  Ph.D. 

Chemistry  Dep<»tment,  Northwestern  UnhersUy  Dental  School 

Halitosis  may  be  a  valuable  diagnostic  aid,  in  fact,  Hippocrates  is 
credited  with  having  cited  the  nose  as  “a  true  diagnostic  guide” 
(1).  A  volume  of  questionable  lay  advertising  and  a  lack  of  sound 
scientific  study  have  depreciated  the  subject  in  recent  years.  Ap¬ 
proximately  one  hundred  articles  on  halitosis  have  appeared  in 
periodicals  during  the  past  thirty  years,  and  at  least  two  books  have 
been  published  on  the  subject,  Howe’s  in  1874  (2)  and  that  of  Pearl- 
man  in  1936  (3). 

Canan  (4)  believed  that  in  perfect  health  the  breath  is  almost 
odorless,  but  its  ready  modification  by  slight  changes  in  the  state  of 
health  make  it  a  valuable  diagnostic  aid.  He  listed  local  and  systemic 
etiologic  factors,  basing  his  conclusions  on  clinical  observation  rather 
than  scientific  experiment.  Eisenberg  (5)  believed  halitosis  to  be 
caused  either  by  purely  local  factors  or,  by  absorption  of  foul  odors 
of  the  digestive  system  by  saliva  as  the  expired  air  passed  through  the 
mouth.  Stallard  (6)  induced  halitosis  experimentally.  Onions 
chewed  and  not  swallowed  left  an  odor  on  the  breath  from  12  to  16 
hours,  as  long  as  when  the  onions  were  assimilated.  The  swallowing 
of  gelatin  capsules  containing  macerated  onion  did  not  effect  the 
breath.  However,  eating  of  garlic  effected  the  breath  for  72  hours, 
and  swallowing  of  garlic  in  capsules  tainted  the  breath  for  48  to  60 
hours.  Ferris  (7)  was  of  the  opinion  that  halitosis  is  a  composite  of 
odors  due  to  digestion,  metabolism,  fermentation,  and  intraoral 
putrefaction,  and  that  saliva  is  an  excretion  which  acquires  and 
excretes  alliaceous  odors. 

*  Presented  at  the  Sixteenth  General  Meeting  of  the  International  .\saociation  for 
Dental  Research,  Minneapolis,  Minn.,  March  12-13,  1938. 

*  This  work  was  made  possible  by  a  grant  from  the  Colgate  Paimolive-Peet  Company. 

*  Colgate  Research  Fellow. 
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Blakenhorn  and  Richards  (8)  reported  after  experimental  studies 
that  garlic  and  onion  breath  odors  come  from  the  blood  by  way  of 
the  lungs  and  do  not  arise  from  particles  retained  in  the  oral  cavity. 
Haggard  and  Greenberg  (9),  on  the  other  hand,  stated  that  the  odors 
of  onion  and  garlic  breath  arise  solely  from  particles  retained  in  the 
mouth,  and  not  from  aeration  of  blood  in  the  lungs.  They  also  re¬ 
ported  thorough  washing  of  the  mouth,  tongue,  and  teeth  with  a 
chloramine  solution  immediately  and  completely  rid  the  breath 
of  garlic  and  onion  odor  by  reaction  of  the  chloramine  with  the 
odoriferous  oils.  Freeman  and  Sulser  (10)  reported  the  results  of 
clinical  observation  of  some  2000  individuals.  This  work,  as  much 
of  that  of  other  authors,  is  based  on  clinical  examination  and  therefore 
on  personal  opinion  rather  than  objective  data. 

Fair  and  Wells  (11),  in  1934,  developed  the  osmoscope  as  an  instru¬ 
ment  for  measuring  the  intensity  of  odors  in  drinking  water  samples. 
The  instrument  (Jig.  1)  measures  the  dilution  of  the  sample  necessary 
to  make  the  odor  non-discernible,  and  the  odor  is  then  expressed  in 
terms  of  minus  logarithm  of  the  dilution,  i.e.,  pO.  By  use  of  the 
osmoscope  Gant  and  Shaw  (12)  determined  the  concentration  of 
odors  in  Pullman  cars  thereby  finding  the  odor  intensities  and  their 
causes.  It  was  thought  possible  to  determine  the  odor  concentration 
on  the  exhaled  breath  with  the  osmoscope. 

QUANTITATIVE  ME.ASUREMENT  OF  BREATH  ODOR  INTENSITY 

An  apparatus,  the  cryoscope,  was  designed  whereby  a  condenser  was  immersed  in  a 
Dewar  flask  containing  liquid  nitrogen.  The  condenser  is  simply  an  8  inch  test  tube 
fitted  with  inlet  and  outlet  tubes  by  means  of  a  2  holed  rubber  stopper.  The  inlet  tube 
is  placed  within  §  inch  of  the  bottom  of  the  condensing  tube  and  the  outlet  within  ^  inch 
of  the  stopper.  The  apparatus  (fig.  3)  is  set  up  and  the  patient  permitted  to  blow  (fig.  2) 
through  the  inlet  tube  at  such  a  rate  that  no  condensed  vapor  or  fog  escapes  from  the 
outlet.  The  patient  is  instructed  to  blow  for  a  period  of  15  minutes,  at  which  time 
the  condensing  tube  is  removed  and  placed  in  a  constant  temperature  bath  at  37*’C. 
until  equilibrium  is  obtained.  The  rubber  stopper  is  then  removed  and  the  osmoscope 
inserted  into  the  condenser  tube  and  held  in  place  by  means  of  a  stopper  that  fits  loosely 
and  has  a  groove  out  in  its  side  in  such  a  manner  that  air  can  enter  from  the  outside  at 
the  same  time  that  the  odor  laden  air  is  drawn  through  the  osmoscope.  The  intensity 
of  odors  produced  is  recorded.  The  breath  condensate  is  set  aside  for  chemical  examina¬ 
tion.  It  should  be  noted  that  liquid  nitrogen  is  used  in  this  procedure.  Liquid  air  has 
been  used  with  considerable  success  but  was  discontinued  because  of  the  fire  hazard. 
Solid  carbon  dioxide  in  acetone  has  been  used  but  the  temperature  reached  is  not  suffi¬ 
ciently  cold  to  condense  all  odors,  and  the  apparatus  becomes  quite  inefficient  when 
this  cooling  media  is  used.  It  was  found  that  the  breath  odors  varied  all  the  way  from 
pO  0  to  6,  with  the  average  pO  value  on  200  cases  fixed  at  pO  2. 
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As  the  method  seemed  to  indicate  quite  accurately  the  true  in¬ 
tensity  of  breath  odors  and  could  easily  be  checked  by  several  people, 
it  was  thought  that  this  method  could  be  used  to  measure  the  odor 
intensity  of  breath  from  the  various  sources. 

From  a  theoretical  point  of  v’iew  breath  odors  may  originate  from 
three  primary  sources:  the  mouth,  the  lungs,  and  the  nasal  passages. 
In  the  mouth  there  may  be  stagnation  of  saliva,  decay  of  the  hard  tis¬ 
sues,  as  in  dental  caries,  infection  in  the  soft  tissues,  such  as  pyorrhea. 


Fig.  1.  OsMoscoPK 


Fig.  2.  Cryoscopk 


and  decomposition  of  food  particles  caught  between  the  teeth  and  in 
tongue  and  tonsillar  crypts.  .\11  these  conditions  can  give  rise  to 
foul  odors  which  would  be  picked  up  in  the  air  during  the  excursion 
of  the  air  in  the  process  of  breathing.  If  there  is  any  infection  of 
putrefactive  nature  in  the  nasal  sinuses  there  is  great  probability 
that  the  air  would  become  odor  laden  during  its  passage  through  the 
nasal  passages.  During  any  process  of  gastro  intestinal  disturbance 
if  volatile  odoriferous  substances  are  absorbed  into  the  blixid  stream, 
they  would  be  quite  likely  to  pass  into  the  alveolar  air  when  the 
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blood  is  aerated  in  the  lungs  and  would  be  excreted  on  the  breath. 
Furthermore,  any  putrefactive  infection  in  the  lungs  would  also  cause 
foul  odors  to  be  excreted  on  the  breath. 

It  was  thought  that  inasmuch  as  odors  can  theoretically  arise  from 
these  three  sources  that  it  would  be  interesting  to  segregate  and  de¬ 
termine  the  odor  intensity  produced  by  each  source.  For  this  purpose 
a  series  of  apparatus  was  constructed. 

Mouth  Odors:  Fig.  4,  shows  the  assembled  apparatus  for  the 
determination  of  mouth  odors.  Air  under  pressure  is  passed  success¬ 
ively  through  concentrated  sulphuric  acid,  alkaline  permanganate, 
and  warm  water.  The  sulphuric  acid  and  the  permanganate  are 
for  the  purpose  of  destroying  all  organic  material  in  the  air  and  for 


Fig.  3.  Crvoscopic  .\pparatus 


washing  out  all  extraneous  material  which  might  produce  odor.  The 
warm  water  is  to  saturate  the  air  so  that  it  will  be  quite  analogous  to 
expired  air  in  this  respect.  This  air  is  circulated  through  the  patient’s 
mouth  while  the  patient  breathes  through  his  nose,  and  the  air  laden 
with  mouth  odors  is  passed  through  a  condenser  immersed  in  liquid 
air.  The  pO  value  produced  by  this  method  ranged  from  0  to  5 
with  an  average  on  about  200  cases  of  pO  1.92. 

Lung  Odors:  An  anesthetic  airway  is  inserted  as  close  to  the  trachea 
as  possible,  with  the  patient’s  throat  anesthetized  to  prevent  gagging. 
By  means  of  a  valve,  the  patient  is  permitted  to  inhale  outside  air 
and  all  the  exhaled  air  will  pass  through  a  condenser  immersed  in 
liquid  nitrogen.  Thus  all  lung  odors  can  be  determined  without 
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contamination  from  mouth  or  nasal  passages.  The  pO  value  of 
breath  from  this  source  ranged  from  1  to  6,  with  an  average  of  2.75. 
These  high  values  can  be  explained  on  the  basis  that  a  large  number 
of  the  cases  observed  had  lung  abscesses  or  other  diseased  conditions 
of  the  lung. 

Odors  of  the  Nasal  Passage:  It  was  supposed  that  with  complete 
data  concerning  the  total  odors  on  the  breath,  the  odors  arising  in 
the  lungs  and  the  odors  arising  in  the  mouth,  that  on  this  basis,  the 
odors  arising  in  the  nasal  passages  could  be  determined.  It  has  been 
found  that  this  is  not  true,  due  to  the  fact  that  only  odor  intensity  is 


being  measured.  However,  it  can  be  said  that  if  the  odor  intensity 
on  the  general  air  samples  is  greater  than  the  lung  and  mouth  odors 
that  the  odors  from  the  nasal  passages  have  a  high  intensity  and  if 
there  is  very  little  difference  between  the  general  air  samples  and 
that  found  on  the  lung  and  mouth  samples  nothing  can  be  said 
concerning  the  odors  arising  in  the  nasal  passages. 

SUMMARY 

By  means  of  a  new  apparatus  the  odor  concentration  or  intensity  on 
breath  samples  can  be  accurately  determined.  Furthermore,  by 
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means  of  specialized  apparatus  the  odors  arising  in  the  lung9  and 
mouth  can  accurately  be  determined. 

The  authors  wish  to  express  appreciation  to  V.  A.  Gant  for  many  helpful  suggestions, 
and  to  Drs.  H.  Boblasky  and  Z.  Lifchez  for  invaluable  aid  in  organizing  regular  clinics 
for  sample  collection. 

REFERENCES  TO  LITERATURE 

1.  Prinz,  Herman,  D.  Cosmos,  72:  700,  1930. 

2.  Howe,  J.  W.,  The  Breath.  (New  York,  B.  Appleton  Co.:  1874.) 

3.  Pearlman,  L.  M.,  Your  Breath  and  Your  Health.  (New  York,  Academy  Publishing 

Co.:  1936.) 

4.  Canan,  C.  W.,  Am.  J.  Clin.  Med.,  25:  269, 1918. 

5.  Eisenberg,  M.  j.,  Am.  D.  Surg.,  47:  298,  1927. 

6.  Stallard,  H.,  j.  a.  D.  A.,  14:  1691,  1927. 

7.  Ferris,  H.  C.,  J.  A.  D.  A.  14:  1692,  1927. 

8.  Blakenhorn,  M.  a.,  and  Richards,  C.  E.,  J.  A.  M.  A.,  107:  409, 1936. 

9.  Haggard,  H.  W.,  J.  A.  M.  A.,  104:  2160,  1935. 

10.  Freeman,  C.  W.,  and  Sulser,  G.  F.,  J.  D.  Res.,  15:  328,  1936. 

11.  Fair,  Gordon  M.,  and  Wells,  William  S.,  J.  Am.  Water  Whs.  Assoc.,  26: 1670, 1934. 

12.  Gant,  V.  A.,  and  Shaw,  H.  D.,  Ind.  and  Eng.  Chem.,  Anal.  Ed.,  9:  16,  1937. 


DENSITY  AND  REFRACTIVE  INDEX  STUDIES  OF  DENTAL 
HARD  TISSUES 

I.  Methods  for  Separation  and  Determination  of  Purity*-* 

RICHARD  S.  MANLY,  Ph.D.,  and  HAROLD  C.  HODGE,  Ph.D. 

Department  of  Biochemistry  and  Pharmacology,  School  of  Medicine  and  Dentistry, 

The  University  of  Rochester,  Rochester,  New  York 

A  rapid,  quantitative  method  for  the  separation  of  the  enamel, 
dentin,  and  cementum  of  a  single  tooth  to  obtain  samples  of  known 
purity  will  permit  the  following  investigations:  1)  Normal  values 
and  ranges  of  variation  in  the  composition  of  enamel  and  dentin. 
2)  Changes  in  composition  associated  with  caries  (5),  pyorrhea  or 
disturbances  in  nutrition,  metabolism  or  endocrine  balance.  3) 
Proportion  of  enamel  to  dentin  in  normal,  hyper-  and  hypoplastic 
teeth  and  changes  due  to  attrition,  erosion  or  caries.  Methods  for 
obtaining  pure  dentin  or  enamel  by  heating  or  grinding  are  un¬ 
satisfactory  because  of  the  time  required  and  the  incomplete  recovery. 
The  method  described  by  Brekhus  and  Armstrong  (3),  based  on  the 
use  of  heavy  liquids  with  density  intermediate  between  dentin  and 
enamel,  offers  a  distinct  improvement  over  previous  methods,  but 
leaves  a  few  things  to  be  desired.  For  instance,  it  would  be  advanta¬ 
geous  to  have  (a)  a  more  rapid  method,  (b)  a  check  on  the  purity 
of  the  enamel  and  dentin  fractions,  and  (c)  an  avoidance  of  filtration. 

According  to  the  literature,  a  centrifugal  separation  method  would 
seem  to  be  desirable,  especially  when  working  with  fine  powders. 
Bernal  and  Crowfoot  (2)  found  centrifugation  to  give  a  more  accurate 

*  Presented  at  the  Fourteenth  General  Meeting  of  the  International  Association  for 
Dental  Research,  Louisville,  Kentucky,  March  14-15,  1936;  J.  D.  Res.,  15:  307,  1936. 
This  paper  is  taken  from  an  essay  awarded  the  Morris  L.  Chaim  Prize  by  the  First  District 
Dental  Society  of  the  State  of  New  York,  1937.  The  data  of  this  paper  are  taken  from  the 
thesis  submitted  by  the  senior  author  to  the  Division  of  Graduate  Studies  of  the  University 
of  Rochester  in  partial  fulfillment  of  the  requirements  for  the  Degree  of  Doctor  of  Phi¬ 
losophy. 

*  This  work  was  supported  in  part  by  the  Rockefeller  Foundation  and  in  part  by  the 
Carnegie  Corporation  of  New  York. 
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separation  of  crystalline  material  than  the  usual  flotation  procedure. 
For  this  reason  the  method  to  be  described  was  designed  to  apply  a 
centrifugal  technic  to  the  flotation  method.  The  procedure  was 
developed  independently  but  uses  the  same  principle  as  the  method 
of  Brekhus  and  Armstrong.  The  purity  of  the  enamel  and  dentin 
fractions  is  established  experimentally. 


Data  on  Centrifugal  Separation  Method 
Whole  Tooth 


Sup  I 


sup  2 


Powdering  and 
sifting 


Powdered  Tooth 


Separation 
with  liquid, 
d  =  2.7 


fTime — 10  min. 
\Loss  — 1.6% 


/Time — 1  hr. 
\Loss  —1.7% 


Enamel  (99%  pure) 

Sup  3 


Dentin  (97-99%  pure) 


d  =  2.89 
Enamel  (W.4%  pure) 


Purihcation  (Time — 1  hr. 
with  liquid,  \Loss  — 9% 


Purification  (Time — 1  hr. 
with  liquid,  \Loss  — 6% 
d  =  2.42 


Dentin  (99.7%  pure) 
contg.  0.2%  cementum 


Sup  4 


Cementum 
separation; 
liquid  d  =  2.07 


/Time — 1  hr. 
(Loss  — 1.6% 


tin 


1 


Dentin  (99.7%  pure)  Cementum  (?%  pure) 


Fig.  1.  An  outline  of  the  method  for  separation  of  dental  hard  tissues  showing  steps 
of  the  procedure  (see  left  hand  column),  the  efficiency,  the  time  required  and  loss  (see 
notation  at  right). 


EXPERIMENTAL 

Preparation  of  tooth  powder:  The  dry  tooth  is  pulverized  in  a  diamond  mortar  with 
repeated  sifting  until  the  whole  quantity  has  passed  a  60  mesh  screen.  This  procedure 
usually  requires  about  10  minutes  {fig.  1,  step  1).  The  powder  is  redried  for  2  hours 
and  weighed  to  determine  the  loss  on  powdering. 

Tube:  For  those  interested  in  gravity  separation,  several  devices  are  described  by 
Johannsen  (4)  and  Rosenbusch-Wiilfing  (8).  For  centrifuging,  however,  the  separation 
tube  must  be  specially  designed  to  withstand  the  increased  pressure.  Several  centrifugal 
separatory  devices  are  given  in  the  literature.  Wolfi-Halle  (10)  described  an  apparatus 
consisting  of  an  ordinary  centrifuge  tube  and  a  suspended  inner  tube.  A  centrifuge  tube 
with  a  stopcock  in  the  middle  was  used  by  Schroder  (9)  to  separate  the  heavier  and  lighter 
phases.  An  apparatus  similar  in  design  to  that  used  by  Penfield  (7)  and  Brekhus  and 
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Armstrong  (3)  was  developed  by  Muller  (6)  in  a  form  to  permit  centrifuging.  The  device 
(Jig.  2)  used  by  the  authors  was  developed  independently,  but  later  was  noted  to  be  quite 
similar  to  that  used  by  Wolff-Halle  (10).  The  chief  difference  lies  in  the  manner  of 
suspending  the  inner  tube. 

The  outer  tube  of  the  apparatus  shown  in  fig.  J  is  an  ordinary  centrifuge  tube.  The 
inner  tube  is  prepared  from  a  small  test  tube  by  flaring  the  top  to  flt  a  rubber  stopper  and 
drawing  the  lower  end  to  a  taper,  cutting  to  leave  a  2  mm.  hole.  The  lower  end  of  the 
inner  tube  is  suspended  about  2  cm.  above  the  bottom  of  the  centrifuge  tube. 

Other  types  of  apparatus  have  been  tried  with  no  improvement  in  the  results.  Schro¬ 
der’s  divided  centrifuge  tube  (9)  broke  during  the  centrifugation.  Constriction  of  the 


OUTER 

TUBE 


INNER 


BROMOFORM  'll* 
ACETONE 
DENSITY  2.70 


Fig.  2.  Apparatus  used  for  centrifugal  separation  of  powdered  enamel  and  dentin. 
Dentin  remains  within  the  inner  tube  and  is  lifted  out  with  it.  Any  other  suitable  liquid 
with  density  of  2.7  may  be  used. 


outer  tube  of  the  apparatus  shown  in  fig.  2  gave,  on  four  trials,  a  satisfactory  average 
purity  of  98.9  per  cent  for  the  enamel  fraction  but  somewhat  less  pure  dentin  (94.9  per 
cent)  with  an  average  of  0.5  per  cent  junction  particles. 

Liquid:  8  cc.  of  a  mixture  of  91  volume  per  cent  bromoform  and  9  volume  per  cent 
acetone  (density — 2.7  gm.  per  cc.)  are  placed  in  the  outer  tube,  the  inner  tube  introduced, 
and  the  weighed  tooth  powder  added  through  a  powder  funnel  to  the  top  of  the  liquid 
within  the  inner  tube.  The  upper  portion  of  the  liquid  is  stirred  gently  to  wet  the  powder 
completely  and  to  break  up  any  adhering  particles. 

The  mixture  reconunended  has  the  optimum  density  for  separation  of  enamel  and 
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dentin  as  may  be  seen  from  fig.  3.  Duplicate  determinations  were  made  with  liquids 
having  densities  of  2.8,  2.5  and  2.4  and  quadruplicate  determinations  with  2.7  and  2.6. 
With  a  higher  density  of  separation  liquid  the  enamel  is  more  pure  but  the  dentin  less 
pure,  so  that  an  optimum  occurs  at  2.6-2.7.  This  value  is  higher  than  the  density  2.53 
recommended  by  Brekhus  and  Armstrong  for  gravity  separation. 

Tuknic:  The  entire  assembly  is  centrifuged  for  2  minutes  at  2200  r.p.m.  The  layers 
are  then  separated  by  closing  the  top  of  the  inner  tube  with  the  forefinger  and  lifting  out 
the  tube  like  a  pipet.  The  contents  are  w’ashed  into  another  15  cc.  centrifuge  tube  with 
acetone.  The  separated  powders  are  washed  three  times  with  acetone  by  centrifuging 
and  decanting  and  the  powder  transferred  quantitatively  to  a  watch  glass  by  means  of  a 

OPTIMUM  DENSITY  FOR 
I  SEPARATION  LIQUID 


CO 
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cr 
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cr 


96.0-^ 


2.8  2.7  2.6  2.5  2,4 


ENAMEL 

DENTINE 


DENSITY  OF  SEPARATION  LIQUID  (g/i  CC) 


Fig.  3.  Effect  of  density  of  separation  liquid  on  purity  of  enamel  and  dentin  obtained. 
A  liquid  with  a  density  of  2.6-2.7  gives  the  optimum  purity  of  both  enamel  and  dentin. 


jet  of  carbon  tetrachloride  directed  into  the  inverted  centrifuge  tube.  The  watch  glass 
is  set  in  a  warm  place  until  the  carbon  tetrachloride  has  evaporated,  dried  in  an  oven, 
cooled,  transferred  to  a  tared  vial  and  weighed. 

Further  purification  of  enamel  and  dentin  and  removal  of  cementum:  The  enamel  and 
dentin  fractions  prepared  as  described  have  a  purity  of  97  to  99  per  cent.  For  further 
purification  a  second  or  third  separation  is  carried  out  as  outlined  in  fig.  1,  steps  3  and  4; 
the  time  required,  loss  and  approximate  purity  of  the  fractions  obtained  are  also  given. 
Step  3  consists  essentially  of  removal  of  enamel  from  dentin  and  dentin  from  the  enamel 
fraction.  This  step  it  necessary  when  a  small  amount  of  contaminant  would  interfere 
with  the  use  of  the  sample.  In  order  to  prepare  enamel  and  dentin  of  the  greatest  degree 
of  purity,  junction  particles  containing  both  enamel  and  dentin  and  derived  from  the 
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dentino-enamel  junction,  must  be  removed.  This  requires  an  accurate  knowledge  of  the 
distribution  curves  of  the  density  of  enamel  and  dentin  since  in  enamel  purification  all 
particles  which  contain  any  dentin  must  be  made  to  float,  yet  there  must  be  a  minimum 
loss  of  the  lightest  enamel. 

Pure  bromoform  (density  2.85  at  25°C.)  was  tested  as  a  separation  liquid  for  further 
purification  with  the  results  given  in  Table  I.  The  percentage  loss  is  fairly  high,  appar¬ 
ently  because  some  of  the  enamel  has  a  lower  density  than  the  liquid  employed.  The 
material  floating  in  sample  1  consisted  of  7.6  per  cent  dentin,  78  per  cent  enamel,  and 
13  per  cent  junction  particles. 

A  bromoform-acetone  mixture  with  a  density  of  2.42  chosen  from  the  upper  limit 
of  the  density  of  dentin  was  tested  as  a  dentin  purification  liquid.  The  results  are  shown 

TABLE  I 


Further  purification  of  enamel  and  dentin:  final  purity  obtained  and  loss 


SAMPLE  NO. 

1 

ORIGINAL  PURITY, 

PER  CENT 

FINAL  PURITY, 

PER  CENT 

LOSS,  PER  CENT 

Enamel  purification:  Separation  with  bromoform,  d  = 

2.84 

1 

99.9 

4.8 

2 

98.7  ; 

99.3 

8.3 

3 

98.6 

99.5 

7.8 

4 

98.2 

99.3 

15.6 

5 

97.6 

99.2 

9.7 

Av . 

98.2 

99.4 

9.3 

Dentin  purification:  Separation  acetone-bromoform  mixture, 

d  =  2.42 

1 

98.8 

99.7 

2 

99.1 

99.6 

6.09 

3 

97.1 

99.1 

6.38 

4 

98.8 

99.8 

4.21 

5 

98.9 

99.6 

7.02 

.\v . 

98.5 

1  99.7 

5.92 

in  Table  I.  The  average  purity  is  improved  on  five  samples  from  68.5-W.7  per  cent  with 
a  concurrent  loss  of  6  per  cent  of  the  sample. 

According  tti  the  density  distribution  curves  of  dentin  and  secondarj'  cementum  (to  be 
presented  in  a  later  paper)  the  mean  density  of  the  latter  occurs  at  about  2.03.  From  an 
analysis  of  the  derived  curves  for  density  distribution  of  each  tissue,  it  was  found  that 
a  liquid  of  density  2.07  should  bring  about  the  most  eflicient  separation. 

Determination  of  the  purity  of  the  separated  fractions:  The  amount  of  enamel  in  the 
dentin  fraction  and  vice  versa  is  determined  by  actual  count  of  1000  particles  of  each 
fraction  under  the  microscope,  using  the  Becke  line  (1)  based  on  the  different  refractive 
indices  of  dentin  (1.56)  and  enamel  (1.60)  as  a  means  of  differentiating. 

liquid  with  a  refractive  index  of  1.50  is  prepared  by  mixing  72  volume  per  cent  of 
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Above  f(x:us  In  focus  Below  focus 

Fig.  4.  Method  of  distinRuishinR  enamel  and  dentin  particles.  .\n  enamel  (upper) 
and  dentin  (lower)  iiarticle  in  oil  with  a  refractive  inde.x  of  L.SdO.  The  bright  halo  (Becke 
line)  moves  into  the  enamel  and  out  of  the  dentin  on  raising  the  microscope  above  focus 
(.1).  The  opposite  occurs  when  the  microscope  is  lowered  below  sharp  focus;  the  halo 
moves  to  the  outside  of  the  enamel  and  to  the  inside  of  the  dentin  (C). 


PERCENT  ENAMEL  BY  WEIGHT 


Fi<;.  .S.  I'article  count  determinations  (ordinate)  t)n  mixtures  of  known  weights  of 
enamel  and  dentin.  T'he  particle  count  is  an  accurate  measure  of  the  amounts  of  enamel 
and  dentin  in  a  jiowdered  mixture. 
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a-chloraaphthalene  and  18  volume  per  cent  of  liquid  petrolatum.  The  refractive  index 
is  checked  by  an  Abbe  refractometer  at  25*’C.  One  drop  of  the  standardized  liquid  is 
placed  on  each  of  5  microscope  slides  and  a  few  milligrams  of  the  powder  to  be  tested  are 
stirred  into  the  drop.  One  of  the  slides  is  placed  on  the  mechanical  stage  of  a  microscope 
equipped  with  a  cross  hair  ocular.  The  condenser  is  removed  and  the  substage  iris  dia¬ 
phragm  closed  to  about  a  3  mm.  opening.  A  16  mm.  objective  and  10  X  eyepieces  are 
employed.  The  microscope  is  brought  into  focus  on  the  particles  and  then  raised  slightly. 
Fig.  4  shows  the  different  optical  behavior  of  enamel  and  dentin.  A  bright  fringe  of  light 
about  the  particle  called  the  “Becke”  line  contracts  into  the  enamel  particle,  but  expands 
into  the  liquid  medium  about  the  dentin  particle.  The  opposite  holds  true  when  the 
microscope  tube  is  lowered  below  the  focal  point. 

Two  hundred  particles  with  diameters  greater  than  0.02  mm.  are  counted  on  each  of 
five  drops  and  the  average  obtained.  If  any  one  count  of  100  differs  by  more  than  three 
from  the  average  for  the  1000,  that  coimt  is  discarded  and  those  remaining  are  reaveraged. 
The  probable  error  for  a  count  of  100  particles  at  99  per  cent  purity  amounts  to  0.8  per 
cent  so  that  counts  differing  from  the  mean  by  three  particles  may  be  discarded. 

In  Fig.  5  is  given  evidence  that  the  particle  count  is  a  direct  measiue  of  the  composition 
of  enamel-dentin  mixtures.  Eight  samples  with  a  known  composition  by  weight  were 
subjected  to  the  Becke  line  test.  One  thousand  particles  of  each  sample  were  counted 
and  the  results  are  plotted  (ordinates)  against  the  known  weights  per  cents.  The  par¬ 
ticle  count  is  very  nearly  equivalent  to  the  weight  per  cent  composition. 

RESULTS 

There  are  two  ways  in  which  the  effectiveness  of  the  method  may 
be  tested:  (a)  by  determination  of  the  purity  of  enamel  and  dentin 
fractions,  a  high  degree  of  purity  signifying  a  successful  separation; 
(b)  by  determination  of  the  ability  of  the  method  to  recover  enamel 
and  dentin  from  a  series  of  known  mixtures. 

The  first  test  of  the  method  is  illustrated  in  the  data  (Table  II) 
obtained  by  separation  of  11  teeth  from  the  upper  jaw  and  1  from  the 
lower  jaw  of  patient  A  (an  elderly  female).  The  purity  of  the  dentin 
fractions  varies  from  96.7  to  98.6  per  cent,  with  an  average  of  97.7; 
for  enamel,  the  purity  varies  from  97.1  to  99.8  per  cent  with  an  average 
of  98.7.  Column  J  in  Table  I  gives  the  percentage  of  junction  particles 
already  mentioned.  An  average  of  0.8  per  cent  occurs  in  the  enamel 
fractions  and  0.2  per  cent  in  the  dentine  fractions,  and  these  are 
counted  as  impurities  in  either  case.  The  average  loss  amounts  to 
about  3.3  per  cent.  Also  in  Table  II  the  variation  in  enamel  per¬ 
centage  with  respect  to  tooth  position  is  indicated.  Incisors  possess 
about  30  per  cent  enamel,  and  the  percentage  of  enamel  increases 
gradually  from  the  canines  to  the  molars,  the  latter  containing  about 
40  per  cent  enamel.  These  variations  are  normal  (5). 
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TABLE  n 

QuantiUUive  test  of  the  separation  procedure  applied  to  teeth  from  a  fuU-mouth  extraction 


Patient  A.  Separated  by  bromoform  and  acetone 


TOOTB 

POSITION 

POWDEK- 
ING  LOSS, 
PEE  CENT 

ENAKEL 

DENTIN 

J. 

per  cent 

Per  cent 

Purity 

J,  per  cent 

Loss, 
per  cent 

1  UR 

1.54 

31.30 

64.04 

m 

2  UR 

2.12 

34.72 

61.25 

Hi 

3  UR 

1.60 

35.22 

97.1 

0.9 

61.55 

98.5 

1.61 

6  UR 

1.72 

40.61 

97.3 

0.9 

57.07 

98.3 

WSM 

0.45 

7  UR 

0.97 

36.72 

97.6 

0.5 

61.37 

99.1 

0.5 

0.94 

8  UR 

1.58 

40.07 

97.8 

0.5 

56.24 

99.1 

0.1 

2.11 

1  UL 

1.29 

29.50 

97.4 

0.7 

67.99 

99.8 

0.1 

1.22 

2  UL 

1.95 

34.20 

96.7 

1.1 

62.96 

97.4 

0.1 

0.88 

3  UL 

3.33 

00.18 

94.65 

99.8 

0.0 

1.83 

7  UL 

1.83 

30.97 

98.6 

(0) 

62.10 

97.1 

0.1 

5.10 

8  UL 

1.96 

42.80 

98.2 

(1-8) 

54.66 

98.8 

0.1 

0.58 

5  LL 

2.06 

39.99 

98.7 

(0.6) 

52.20 

99.1 

0.1 

5.74 

Av . 

1.83 

97.7 

0.8 

98.7 

0.2 

1.47 

TABLE  in 

Test  of  auuracy  of  separation  and  particle  count  procedures  by  application  to  mixtures  of 
enamel  and  dentin  with  known  composition 


No. 

Wts. 

ENAMEL 

DENTIN 

Percent 

Particle 

count 

Per  cent 

ED  20.1 

0.5465 

18.4 

17.8 

99.1 

81.6 

82.9 

1.3 

ED  20.2 

0.7903 

19.9 

79.5 

80.1 

0.6 

ED  40.1 

0.5763 

33.2 

97.8 

66.2 

66.4 

0.2 

ED  40.2 

0.7413 

34.9 

33.9 

97.8 

65.1 

66.0 

0.9 

ED  60.1 

0.5112 

68.4 

67.5 

98.7 

31.6 

31.5 

-0.1 

ED  60.2 

1.1331 

64.4 

64.2 

99.3 

35.6 

35.8 

0.2 

ED  80.1 

0.7793 

89.5 

89.5 

98.2 

10.5 

9.5 

ED  80.2 

0.7955 

81.3 

80.5 

99.3 

18.7 

18.8 

Av . 

98.7 

0.3 

Particle 

count 


99.6 


99.1 


Per 

cent 


0. 

0. 

0. 

0. 

0. 

1. 
0.91 
0.71 


0.58 


^  ,  [Enamel  99.1  per  cent  purel 

Composites  made  from  nno  *  i 

^  Dentin  99.8  per  cent  pure 
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The  second  test  of  the  method,  the  ability  to  recover  the  components 
of  a  known  mixture  is  illustrated  in  Table  III.  There  is  very  little 
difference  in  the  known  and  recovered  (found)  enamel  and  dentin 
percentages.  The  average  disagreement  for  either  the  enamel  or 
dentin  is  less  than  1  per  cent.  Other  workers  who  have  used  centrif¬ 
ugal  separation  methods  have  recorded  similar  recoveries.  Wolff- 
Halle  (10)  prepared  a  mixture  of  anhydrite  and  rock  salt  in  a  ratio  of 
1:1.  Anhydrite  was  recovered  to  98.9  per  cent,  rock  salt  as  98.9 
per  cent  and  the  total  analysis  as  99.2  per  cent.  Schroder  (9)  sub¬ 
mitted  values  from  99.1  to  99.7  per  cent  for  total  material  recovered. 

SUMMARY 

1.  A  centrifugal  method  has  been  devised  for  the  routine  separation 
and  purification  of  enamel  and  dentin  in  single  teeth,  making  use  of 
a  heavy  liquid  (density  —  2.7  gm.  per  cc.)  and  a  new  type  of  separation 
tube. 

2.  A  single  separation  requires  about  1  hour,  entails  a  total  loss 
of  material  of  about  3  per  cent  and  gives  enamel  and  dentin  of  99 
per  cent  purity  as  determined  by  a  refractive  index  method. 

3.  Enamel  of  99.4  per  cent  purity  may  be  obtained  by  a  second 
separation  using  pure  bromoform.  About  9  per  cent  further  loss  of 
enamel  occurs. 

4.  Dentin  of  99.7  per  cent  purity  may  be  obtained  by  a  second 
fractionation  using  a  liquid  of  density  2.42.  About  6  per  cent  further 
loss  of  dentin  occurs. 

5.  Cementum  may  be  removed  from  the  dentin  by  the  use  of  a 
liquid  of  density  2.07. 
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SUSCEPTIBILITY  TO  DENTAL  CARIES  IN  THE  RAT 

VII.  Influence  of  Mineral  Salts,  Protein  and  Sugar,  and 
Relationship  of  Calcification  of  Teeth  and  Bone» 

THEODOR  ROSEBURY,  D.D.S.,  and  MAXWELL  KARSHAN,  Ph.D. 

From  the  Departments  of  Bacteriology  and  of  Biological  Chemistry,  College  of  Physicians  and 
Surgeons,  and  School  of  Dental  and  Oral  Surgery,  Columbia  University,  New  York  City 

It  is  apparent  that  several  dietary  factors  cooperate  in  the  produc¬ 
tion  of  experimental  dental  fissure  caries  in  rats.  The  lesions  are 
due  primarily  to  the  ingestion  of  particles  of  coarsely  ground  raw 
cereal,  such  as  rice  or  corn,  included  in  the  diet  from  the  time  of 
weaning;  but  other  dietary  conditions  influence  the  prevalence  of 
caries  in  significant  degree  (7,  8,  9).  This  report  presents  the  results 
of  further  studies  of  some  of  these  secondary  or  modifying  influences 
on  caries  produced  with  coarse  rice  and  com  diets. 

EXPERIMENTS 

The  experiments  reported  here  fall  into  two  series:  (I)  a  study  of 
the  effects  on  the  teeth  of  diets  adequate  except  for  the  two  ingredi¬ 
ents — vitamin  D  and  corn  oil — previously  shown  to  induce  significant 
reductions  in  the  incidence  of  caries  (7);  and  (II)  a  study  of  the 
effects  of  egg  albumin,  of  a  partially  corrected  calcium  deficiency, 
and  of  varying  levels  of  sugar.  The  diets  used  are  given  in  Tables 
I  and  II.  In  both  series  a  comparison  was  made  under  similar  con¬ 
ditions  of  diets  containing  rice  or  corn.  Brown  rice  was  used,  ground 
to  pass  a  sieve  having  10  meshes  per  linear  inch  (10  mesh),  while 
that  portion' was  used  of  coarse  yellow  corn  meal  as  purchased  which 
passed  a  20  mesh  sieve  but  was  retained  on  a  30  mesh  sieve. 

The  methods  employed  were  the  same  as  those  previously  used. 
Rats  bred  on  a  modified  McCollum  stock  diet  (5)  were  distributed 
among  the  experimental  diet  groups  22  days  after  birth,  and  main¬ 
tained  under  the  experimental  conditions  for  periods  ranging  from 

*  This  study  was  conducted  with  the  aid  of  a  grant  for  dental  research  from  the  Carnegie 
Corporation. 
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33  to  167  days,  as  indicated  in  Tables  III  and  V.  One  side  of  the 
mandible  of  each  animal  was  used  for  the  preparation  of  decalcified 

TABLE  I 


Experimenial  Diets,  Series  I 


Diet 

79 

80 

percei 

65 

oiagt 

Yellow  com,  20-30  mesh . 

65 

Saccharose . 

18 

18 

Wheat  gluten . 

4 

4 

Egg  albumin . 

6.5 

6.5 

F.R.L.  Salt  mixture* . 

4.5 

4.5 

2 

2 

Spinach  leaves,  5  gm.  per  rat  per  day 

Brewers’  yeast,  0.4  gm.  per  rat  per  day 

Calcium  content . 

0.78 

0.79 

Phosphorus  content . 

1  0.54 

0.46 

Ratio,  Ca:P . 

1  1.45 

1.71 

*  Hawk,  P.  B.  and  Oser,  B.  L.,  Sdence  74:  369,  1931. 


TABLE  n 

Experimental  Diets,  Series  II 


DIET 

82 

83 

84 

85 

86 

87 

88 

89 

90 

ptrcentagt 

Brown  rice,  10  mesh . 

92 

82 

72 

81 

74 

72* 

Yellow  com,  20-30  mesh . 

82 

81 

74 

Saccharose . 

8 

18 

28 

18 

18 

18 

18 

18 

28 

Eg;g  albumin . 

7 

7 

Calcium  lactate . 

1 

1 

1 

1 

Spinach  leaves . 

5  gm.  per 

rat  pe 

r  day 

m  all 

Brewers’  yeast . 

0.4 

gm.  p 

er  rat 

per  da 

y  in  a 

1 

Calcium  content . 

0.03 

0.03 

0.03 

0.16 

0.16 

0.03 

0.16 

0.16 

0.03 

Phosphorus  content . 

0.25 

0.22 

0.20 

0.22 

0.20 

0.12 

0.12 

0.11 

0.22 

Ratio,  Ca:P . 

0.12 

0.13 

0.13 

0.72 

0.78 

0.27 

1  1.33 

1.43 

0.13 

*  Diet  90:  Whole  brown  rice  cooked  1}  hours  in  double  boiler  in  II  times  its  weight 
of  water;  saccharose  then  added  on  basis  of  dry  weight  of  rice. 


(celloidin)  sections  stained  with  hematoxylin  and  eosin.  Lesions 
of  fissure  caries,  identified  microscopically,  were  rated,  following  the 
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scheme  previously  described  (4,  10),  in  accordance  with  their  size 
and  degree  of  penetration  from  1  to  10.  The  index  values  given  in 
the  tables  were  obtained,  as  in  previous  studies,  by  dividing  the  total 
caries  score  for  the  group  by  the  number  of  animals  in  the  group. 
Lesions  identified  as  resulting  from  fracture  of  a  cusp,  including  those 
referred  to  by  other  workers  as  “macroscopic  caries,”  are  recorded 
in  the  tables  as  “fracture  lesions,”  but  are  not  included  in  the  index 
values. 

RESUITS 

The  results  in  Series  I  are  summarized  in  Table  III.  About  one- 
third  of  the  animals  in  each  diet  group  were  killed  after  50  to  65  days 
of  experimental  feeding,  another  third  after  92  to  111  days,  and  the 

TABLE  m 

Summary  of  Results  in  Series  I 


OISTS  79  80 


Number  of  animals .  33  32 

Experimental  period,  days .  50-166  50-167 

Calci&cation:  teeth .  D-N  D-N 

:  bone .  D-N  D-N 

Cusp  fracture  lesions:  percentage  of  animals .  24  28 

:  index .  0.6  1.0 

Fissure  caries:  percentage  of  animals .  49  47 

:  index .  1.9  2.5 


D  =  defective;  N  >=  normal. 

remainder  after  163  to  167  days.  The  caries  index  values  for  the 
50-65  day  groups  (0.8  and  1.3  for  diets  79  and  80,  respectively) 
were  lower  than  those  for  the  longer  term  groups,  but  the  latter  did 
not  differ  significantly  among  themsel'\^s.  Calcification  of  teeth 
and  alveolar  bone,  as  observed  in  the  sections,  tended  to  be  progres¬ 
sively  more  defective  as  the  period  of  experimental  feeding  increased, 
being  histologically  normal  or  nearly  so  in  most  of  the  short-term 
animals,  while  most  of  the  long-term  animals  showed  definite  areas 
of  uncalcified  dentinoid  in  the  teeth  and  occasional  areas  of  osteoid 
in  the  bone.  In  general,  however,  the  bone  showed  less  apparent 
defect  than  the  teeth.  The  histopathological  character  of  these 
changes  was  similar  to  that  previously  described  (2,  6).  There  was 
no  appreciable  difference  between  the  two  diet  groups  in  this  respect. 
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The  index  values  obtained,  similar  for  the  two  diets,  are  of  the 
order  characteristic  of  fully  adequate  diets  (10)  or  of  diets  containing 
adequate  vitamin  D  or  corn  oil  (7),  despite  the  absence  of  either  of 
these  substances. 

The  occurrence  of  relatively  marked  individual  variations  in  calcifi¬ 
cation  among  these  animals  provided  a  further  opp)ortunity  to  deter¬ 
mine  whether  the  response  of  the  individual  animal  to  the  calcifying 
properties  of  the  diet  is  associated  with  the  degree  of  dental  caries 
developed  by  that  animal.  In  the  mass  there  is  an  indication  that 
caries  is  more  prevalent  with  inadequately  than  with  adequately 
calcifying  diets,  but  our  previous  findings  have  failed  to  indicate  a 
clear  relationship  between  calcification  and  caries  among  groups  of 


TABLE  IV 

ReUUicnskip  of  the  Incidence  of  Fissure  Caries  to  the  Degree  of  Calcification  as  Determined 

Histologically,  Series  I 


CALCinCATXON 

NUHBES  Of  ANIMALS 

expebihsntal  ptmioD 

INDEX 

Teeth 

Bone 

79 

80  1 

Total 

Range  | 

Average 

■i 

1  1 

Normal 

Normal 

2 

11 

59 

2.5 

Slightly  de- 

Normal  or 

22 

32 

101 

1.9 

fective 

slightly  de- 

■1 

fective 

mm 

Defective 

Defective 

9 

D 

22 

133 

2.5 

animals  reared  under  uniform  conditions  (7).  To  study  this  question 
further,  the  data  for  the  65  animals  of  this  series  were  divided  into 
three  groups,  in  one  of  which  no  defects  of  calcification  were  observed, 
in  another  slight  defects  of  teeth  accompanied  by  either  normal  or 
slightly  defective  bone,  and  in  a  third  more  marked  defects  of  both 
tissues.  The  index  values  for  the  three  groups  are  given  in  Table  IV. 
Since  both  the  indexes  of  caries  and  defects  of  calcification  tended  to 
increase  with  increasing  experimental  period,  some  degree  of  parallel¬ 
ism  between  the  index  values  and  calcification — if  it  were  to  appear — 
could  be  discounted  as  due  only  to  the  time  factor;  it  is  therefore  the 
more  interesting  that  no  such  parallelism  is  indicated  in  the  data. 

The  results  obtained  with  the  diets  of  Series  II  are  given  in  Table 
V,  and  the  significance  of  the  observed  differences  in  caries  index  is 
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TABLE  V 

Summary  of  Results  in  Series  II 


CO 

ui 

iS 

5 

ZXFBBX- 

MBNTAL 

PEEIOD 

e 

M 

U 

M 

M 

CALCmCA- 

noM 

if 

TISSUnZ  CAUXS 

s 

o 

M 

o 

s 

Q 

8 

m 

M 

s 

0 

X 

DlKTASy  VAKIABLK8 

So 

1 

1 

>< 

t 

i 

I 

Teeth 

Bone 

Per  cent  of 
animals 

Index 

Per  cent  of 
animals 

Index 

82 

12 

Rice:  8%  saccharose 

da 

59-100 

y* 

82.8 

83.3 

VD 

VD 

50.0 

1.2 

83.3 

7.3±1.8 

83 

12 

;  18%  saccharose 

85.9 

58.4 

VD 

VD 

33.3 

0.8 

58.3 

6.3±1.9 

84 

13 

:  28%  saccharose 

97.2 

23.1 

VD 

VD 

69.2 

2.1 

92.4 

9.2:fel.8 

85 

13 

:  18%  saccharose,  1% 

94.3 

15.0 

D 

D 

61.5 

1.9 

69.2 

7.6^1 .9 

86 

14 

Ca  lactate 

:  18%  saccharose,  1% 

Mi 

100.0 

0 

VD 

VD 

57.2 

1.2 

42.9 

4.3dkl.S 

87 

11 

Ca  lactate,  7%  pro¬ 
tein 

Corn:  18%  saccharose 

51-100 

82.9 

72.8 

VD 

VD 

54.6 

1.8 

81.8 

8.3±2.3 

88 

13 

::  1%  Ca  lacUte 

79-100 

98.4 

7.7 

D 

D 

69.3 

2.2 

92.4 

10.8^1.9 

89 

13 

:::  7%  protein 

33-100 

74.6 

92.4 

D-VD 

VD 

7.7 

0.2 

30.8 

2.5±1.2 

90 

12 

Cooked  rice 

58-100 

89.0 

91.6 

VD 

VD 

0 

0 

0 

V  ••  very;  D  —  defective;  ±  values  are  standard  deviationa. 


TABLE  VI 

Significance  of  the  Caries  Index  Values  in  Series  II 


Dirr 

GIOUP 

NUM¬ 
BS!  Of 
ANI¬ 
MALS 

DIZTABY  VABXABLE8 

CABISS 

INDEX 

m 

DM 

nM  m 
-i  D 

^D 

ODDS  AGAINST 
EANDOM  OCCUE- 
EZNCS 

OP  DIP?  EEENCX 

Pooled 

Control 

107 

Rice:  8%  dextrin 

7. 4^.6 

82 

12 

:  8%  saccharose 

7.3±1.8 

7.4:^0.5 

0.1±0.9 

0.1 

Less  than  1  to  1 

83 

12 

:  18%  saccharose 

6.5±1.9 

1.3±fi.S 

0.8±2.0 

0.4 

Less  than  1  to  1 

84 

13 

:  28%  saccharose 

9.2d;1.8 

7.6±0.5 

1.6±1.9 

0.8 

1.4  to  1 

85 

13 

:  18%  saccharose,  1% 
Ca  lactate 

1.6zk\.9 

1.i±!0.5 

0.2±2.0 

0.1 

Less  than  1  to  1 

86 

14 

:  18%  saccharose,  1% 
Ca  lactate,  7%  pro¬ 
tein 

4.3±1.5 

7. 1^.6 

2.8^1 .6 

1.8 

13  to  1 

87 

11 

Com:  18%  saccharose 

8.3±2.3 

7.5±0.6 

0.S:fe2.4 

0.3 

Less  than  1  to  1 

88 

13 

::  1%  Ca  lactate 

10.8±1.9 

1.»±Q.6 

3.0:fe2.4 

1.3 

4  to  1 

89 

13 

:::  7%  protein 

2.5±1.2 

6.9±0.5 

4.4±t.3 

3.4 

1483  to  1 

85-1-88 

26 

Rice-cora:  18%  saccha¬ 
rose,  1%  Ca  lactate 

9.2±1.3 

7.8:1;0.S 

1.4±1.4 

1.0 

2  to  1 

86-1-89 

27 

Rice-corn:  18%  saccha¬ 
rose,  1%  Ca  lactate, 
7%  protein 

3.7:fcl.O 

6. 7^.5 

3.0±1.1 

2.7 

143  to  1 

analyzed  statistically  in  Table  VI  by  the  method  of  comparison  with 
a  pooled  control  group  previously  described  (7).  The  mortality  in 
several  of  these  diet  groups  was  considerable;  animals  that  died,  as 
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well  as  the  survivors  (killed  after  100  days  of  experimental  feeding) 
were  used  in  the  experiment.  A  comparison  of  the  mortality  per¬ 
centages,  given  in  Table  V,  with  the  index  values  shows  no  relation¬ 
ship  between  the  general  severity  of  the  experimental  conditions  and 
the  level  of  dental  caries  induced  under  them.  The  findings  with 
diets  88  and  89,  for  example,  show  an  effect  opposite  to  that  which 
might  be  expected  from  the  general  proposition  that  dietary  adequacy 
is  associated  with  less  dental  caries  than  dietary  deficiency;  and  the 
difference  in  average  experimental  period  between  the  two  diet  groups 
is  hardly  great  enough  to  account  for  the  difference  in  caries  index._ 
While  the  effect  on  mortality  associated  with  the  addition  of  protein 
to  the  diet  differed  for  the  parallel  rice  and  corn  diet  groups  (diets 
86  and  89)  for  reasons  that  are  not  clear,  it  may  be  noted  that,  in  the 
absence  of  added  protein,  one  per  cent  of  calcium  lactate  (diets  85 
and  88)  yielded  a  distinctly  lower  mortality  level  than  the  control  in 
each  instance  (diets  83  and  87).  Associated  with  this  lowered  mor¬ 
tality  was  a  definite  improvement  in  the  structure  of  bone  and  teeth 
as  compared  both  to  the  controls  and  to  the  diets  containing  added 
protein  in  addition  to  calcium  lactate.  There  was  nevertheless  no 
associated  reduction  in  the  incidence  of  caries.  This,  incidentally, 
is  another  item  of  evidence  that  there  is  no  direct  relationship  between 
the  degree  of  calcification  of  teeth  and  bone  and  the  level  of  caries. 

The  data  suggest  that  increasing  levels  of  sugar  in  these  diets  are 
associated  with  somewhat  increased  levels  of  dental  caries,  but  the 
findings  are  not  striking  and  not  entirely  consistent;  and,  as  sug¬ 
gested  by  the  statistical  analysis  given  in  Table  VI,  they  may  be  due 
only  to  chance.  Larger  groups  of  animals  would  be  necessary  to 
determine  whether  this  effect  is  a  real  one. 

The  effect  of  addition  of  protein  to  the  basal  diet  is  of  interest.  In 
a  previously  reported  experiment  (diet  64,  ref.  7)  addition  to  the 
basal  coarse  rice  diet  of  7  per  cent  of  wheat  gluten  resulted  in  an  in¬ 
significantly  slight  reduction  of  the  caries  index.  In  the  present 
experiments  the  same  p)ercentage  of  egg  albumin  in  the  rice  diet  (with 
1  per  cent  of  calcium  lactate  and  a  higher  sugar  level  than  previously) 
yielded  a  greater  but  still  doubtfully  significant  reduction  of  the  caries 
index.  With  the  corn  diet,  on  the  other  hand,  parallel  conditions 
yielded  an  index  value  significantly  lower  than  the  control,  low  enough. 
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indeed,  so  that  when  the  two  protein  groups  are  pooled  (Table  VI, 
bottom  line)  the  average  index  remains  sufficiently  low  to  suggest  a 
signihcant  lowering  of  the  index  value.  It  is  curious,  as  noted  above, 
that  the  “better”  diet  with  respect  to  mitigation  of  caries  resulted  in 
a  very  much  greater  mortality  than  the  “poorer,”  suggesting  that  the 
difference  in  effect  on  caries  between  the  corresponding  rice  and  corn 
diets  is  not  a  matter  of  nutrition.  It  is  noteworthy  that  the  two  other 
corn  diets  used  (87  and  88)  yielded  higher  caries  indexes  than  the 
corresponding  rice  diets  (83  and  85).  On  the  whole,  however,  and 
including  consideration  of  groups  79  and  80,  it  is  evident  that  the 
rice  and  com  preparations  used  yield  essentially  similar  results. 

In  group  90  an  attempt  was  made  to  determine  whether  a  diet 
containing,  in  addition  to  a  high  level  of  sugar,  rice  boiled  with  mini¬ 
mal  water  (hence  firmer  in  consistency  than  the  cooked  rice  used  in 
our  previous  experiments  (9))  would  yield  results  different  from  those 
previously  reported.  The  result  (Table  V)  was,  however,  the  same 
as  before — complete  freedom  from  caries — again  demonstrating  that 
rice  when  boiled,  as  when  pulverized  (7,  9)  loses  its  ability  to  produce 
dental  caries  in  rats. 

DISCUSSION 

In  a  previous  study  (7)  it  was  shown  that  either  corn  oil,  or  vitamin 
D  in  oil,  added  to  the  basal  deficient  coarse-cereal  diet,  could  bring 
about  independently  the  full  “adequate  diet  effect” — i.e.,  the  occur¬ 
rence  of  low  caries  index  values  characteristic  of  fully  adequate 
coarse  rice-  or  corn-containing  diets.  Diets  79  and  80  were  therefore 
designed  to  test  the  hypothesis  that  a  high  level  of  caries,  charac¬ 
teristic  of  the  basal  deficient  diets,  might  result  from  feeding  diets 
lacking  vitamin  D  or  added  fat  but  adequate  in  all  other  respects, 
and  hence  yielding  good  growth,  low  mortality  and  calcification  ap¬ 
proaching  normal.  The  hypothesis  was  not  supported  by  the  find¬ 
ings,  since  groups  79  and  80  both  showed  the  characteristic  adequate 
diet  effect.  It  is  evident  that  other  dietary  components  or  charac¬ 
teristics  besides  vitamin  D  and  oil  are  capable  of  bringing  about  this 
effect.  It  may  be  noted  in  this  connection  that  the  reports  of  other 
workers,  notably  Hoppert,  Webber  and  Canniff  (1,  la)  and  Lilly 
(3,  3a)  of  abundant  caries  in  rats  produced  with  adequate  diets  are 
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not  in  conflict  with  these  findings,  since  these  workers  recorded  the 
incidence  only  of  “macroscopic”  dental  lesions,  which  we  have  pre¬ 
viously  shown  are  essentially  different  from  the  microscopically 
defined  lesions  with  which  we  are  chiefly  concerned.  Most  if  not  all 
such  macroscopic  lesions  are  attributable  initially  to  simple  mechani¬ 
cal  fracture  of  the  molar  cusps  under  the  stress  required  to  crush 
coarse  cereal  particles  between  the  teeth,  infectious  carious  changes 
developing  secondarily  on  the  fractured  dentin  surface.  Such  lesions, 
previously  described  and  recorded  in  these  studies,  are  not  considered 
analogous  to  dental  caries  in  man;  and  although  they  appeared  under 
the  conditions  employed  in  the  present  study  (see  Tables  III  and  V) 
their  distribution  on  coarse  cereal  diets  seems  from  our  data  to  be  a 
random  one. 

The  finding  that  variations  in  the  histological  picture  of  calcifica¬ 
tion  of  the  teeth  and  alveolar  bone  could  not  be  correlated  with 
variations  in  degree  of  dental  caries  individual  animals  is  in  accord 
with  our  previous  observations  (7),  and  serves  again  to  emphasize 
the  complexity  of  the  mechanism  of  dental  caries.  While  the  effects 
produced  by  dietary  changes  on  the  incidence  of  caries  in  these  experi¬ 
mental  groups  are  consistent,  the  manner  in  which  they  are  brought 
about  remains  obscure.  Calcium  and  phosphorus,  as  well  as  vitamin 
D,  exert  a  mitigating  effect  on  experimental  caries  in  addition  to 
their  beneficial  effects  on  calcification  (7*);  but  the  two  effects  do 
not  appear  to  be  related.  In  corresponding  fashion  the  mortality 
levels  recorded  for  diets  82  to  90 — presumably  the  direct  effect  of 
dietary  inadequacy — ^likewise  do  not  appear  to  influence  the  levels 
of  dental  caries  induced  by  the  respective  diets;  again  two  separate 
dietary  effects  appear  themselves  unrelated. 

SUMMARY 

In  one  experiment  65  rats  22  days  of  age  were  given  diets  adequate 
but  for  vitamin  D  and  without  added  fat  for  periods  ranging  from 
50  to  167  days.  Two  diets  were  used,  identical  except  that  one  con¬ 
tained  coarsely  ground  brown  rice,  the  other  coarsely  ground  yellow 
corn,  as  the  primary  caries-producing  ingredients.  Despite  the 
absence  of  vitamin  D  or  added  fat  the  resulting  caries  levels  in  both 
groups  were  low,  falling  within  the  range  we  have  found  to  be  charac- 


*  Additional  data  on  this  point  will  be  published  separately. 
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terlstic  of  adequate  diets  or  of  diets  containing  adequate  vitamin  D 
or  corn  oil. 

The  histological  picture  of  calcification  of  teeth  and  alveolar  bone 
varied  among  individual  animals  in  these  groups  from  normal  to 
defective,  but  such  variation  could  not  be  correlated  with  the  respec¬ 
tive  degrees  of  dental  caries.  In  another  experimental  series  113 
rats  22  days  of  age  were  distributed  among  groups  that  received  a 
basal  deficient  caries-producing  diet  containing  either  coarsely 
ground  brown  rice  or  coarsely  ground  yellow  com,  with  the  addition, 
in  individual  groups,  of  saccharose  at  several  levels,  and  of  1  per  cent 
of  calcium  lactate,  alone  or  with  7  per  cent  of  egg  albumin.  Animals 
that  survived  were  killed  after  100  days  of  feeding,  but  many  of  the 
animals  died  from  the  33rd  day  on. 

The  increasing  levels  of  saccharose  tended  to  increase  the  incidence 
of  caries  on  both  the  rice  and  the  corn  diets,  but  inconsistently  and 
to  a  degree  that  is  not  statistically  significant.  The  calcium  lactate 
addition,  although  it  effected  a  slight  improvement  in  calcification 
of  bone  and  teeth,  did  not  reduce  the  incidence  of  caries  with  either 
the  rice  or  the  corn  diet.  The  further  addition  of  protein,  on  the 
other  hand,  brought  about  a  reduced  incidence  of  caries  in  both  rice 
and  corn  groups,  more  effectively  in  the  corn  group,  despite  the  fact 
that  this  diet  yielded  a  much  higher  mortality  than  the  corresponding 
rice  diet.  Among  the  other  groups  in  this  series  there  was  likewise 
no  apparent  relationship  between  the  percentage  of  animals  that 
died  before  the  end  of  the  100  day  experimental  period  and  the 
incidence  of  dental  caries. 
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II.  A  Method  of  Grinding  Rat  Molars  for  Observing  Fissure 

Caries 

GERALD  J.  cox  and  SARA  F.  DIXON 
The  Nutrition  Fellouship  of  The  Buhl  Foundation,  Mellon  Institute,  Pittsburgh,  Pa. 

In  a  broad  study  of  dental  caries  in  rats,  we  have  required  an  exami¬ 
nation  of  “fissure  caries”  as  described  by  Rosebury,  Karshan  and 
Foley  (1,  2).  VVe  have  been  concerned  with  detecting  the  lesions 
and  describing  them  as  to  position  and  size;  examination  of  the  teeth 
for  details  of  fine  structure  has  been  of  no  immediate  interest. 

Rosebury  and  coworkers  have  studied  fissure  caries  in  thin  sections 
prepared  by  grinding  but  prefer  serial  sections  of  decalcified  teeth  for 
routine  examination.  We  have  devised  a  method  of  simultaneously 
grinding  a  large  number  of  rat  teeth  so  that  fissure  caries  can  be  ob¬ 
served  and  scored  in  the  system  used  by  Rosebury,  Karshan  and 
Foley  (2).  Our  method  consists  of  grinding  successive  parallel  planes 
which  are  examined  by  reflected  light.  In  the  procedures  which  are 
described  below,  we  have  aimed  at  speed  of  operation,  low  cost, 
practical  precision  and  convenience  of  operation. 

Sollas  (3)  has  studied  fossils  by  grinding  successive  planes  from  his 
specimens  imbedded  in  w'ax.  Sollas  and  Sollas  (4)  dealt  with  large 
fossil  specimens  such  as  skulls  and,  of  particular  interest  to  us,  ex¬ 
pedited  their  work  by  cutting  their  objects  into  several  pieces  and 
grinding  them  simultaneously.  Simpson  (5)  has  described  a  method 
for  precision  grinding  of  successive  sections  of  fossils  and  Zdansky 
(6)  has  employed  Simpson’s  machine  with  some  modification. 

M.ATERL\LS  AND  APPAR.XTUS 

Plaster:  Dental  stone.^  .Modeling  Clay:  No.  3  gray-green  medium  hard  da  Vinci 
Plastilina.  Molding  Ring  Frame:  Hard  wood  block  8^"  x  bj*  x  11"  with  a  hole  in  the 

^  The  first  paper  in  this  series  was  entitled  “PIxperimental  Dental  Caries.  I.  Nutrition 
in  Relation  to  the  Development  of  Dental  Caries”,  Dental  Rays,  13:  8,  1937. 

“  Presented  at  the  17th  General  Meeting  of  the  International  .Association  for  Dental 
Research,  Cleveland,  Ohio,  Mar.  18-19,  1939. 

^  Castone,  The  Ransom  and  Randolph  Company,  Toledo,  Ohio. 
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center  54"  in  diameter.  Slots  are  cut  across  the  bottom  of  the  board  SJ"  apart  to  admit 
the  molding  ring  elevators  tangentially  to  the  inside  circumference  of  the  molding  ring 
(Jig.  LA).  Molding  Ring:  Steel  ring  5J"  inside  diameter,  Ij"  high,  wall  I’j"  thick,  made 
from  5"  steel  pipe.  The  ring  is  cut  diametrically  'uUh  precision  into  two  pieces  and  slots 
are  cut  in  each  end  of  the  halves  I"  wide  and  |"  deep  (fig.  IB).  Tuo  Molding  Ring  Ele¬ 
vators:  64*  X  1"  X  5"  tees  with  stems  with  the  middle  of  the  flange  on  one  side  of 
each  cut  out  to  the  stem  (Jig.  1C).  Strike-OJf  Knife:  .\  two  edged  knife  15"  long  made 
by  planing  across  the  channel  of  |"  by  4"  angle  iron.  It  is  essential  that  the  knife  be 
straight  (fig.  ID).  Rubber*  Rings:  Two  rings  and  a  disk  cut  from  stiff  rubber  J"  thick. 
The  rings  are  4"  wide  but  beveled  to  wide  at  the  top  side.  One  ring  is  4"  in  outside 
diameter  and  the  other  24".  The  disk  is  1|"  in  diameter  and  beveled  at  the  same  angle  as 
the  rings  ( Jig.  lE).  Cross  Bar:  84"xl4"x4"  steel  bar.  .\t  each  end  is  a  brass  plate  1  J"  x 
IJ"  X  I"  attached  by  screws.  In  each  end  is  a  J"  hole  with  16  S..\.E.  threads  to  the  inch. 
In  each  hole  is  a  nipple  j"  long  with  an  inside  diameter  of  j*®",  set  with  a  hexagonal  lock 
nut  so  that  J"  extends  beyond  the  brass  plate.  The  thread  on  the  lower  end  of  the  nipple 
is  machined  off  to  an  outside  diameter  of  f4*-  These  nipples  were  made  by  drilling  a 
1^"  hole  in  a  J"  bolt  and  sawing  off  the  bolt  flush  with  the  lock  nut  after  the  latter  was 
set  (fig.  IF).  Setting  Base:  Cylindrical  block  5,^"  diameter,  IJ"  high.  The  base  is  cast 
from  700  gms.  of  dental  stone  and  210  gms.  of  water  poured  into  the  molding  ring  with  the 
slots  filled  with  modeling  clay.  The  molding  ring  is  placed  on  a  glass  or  porcelain  plate. 
.\fter  the  dental  stone  has  set,  it  is  removed  from  the  ring  and  sandpapered  to  5^* 
diameter.  The  upper  surface  is  then  further  roughened  for  holding  the  modeling  clay 
by  cutting,  with  a  hack  saw,  trenches  I"  deep  across  the  face  4*  apart. 

Grinding  Base:  Cylindrical  block  54"  diameter,  I4"  high  with  the  cross  bar  piercing 
it  diametrically  midway  between  top  and  bottom.  The  molding  ring,  held  together 
with  a  strong  rubber  band,  with  the  cross  bar  in  the  slots  exactly  centered,  is  placed  on  a 
glass  or  p<jrcelain  plate.  A  mixture  of  KKK)  gms.  of  dental  stone  and  300  gms.  of  water 
is  poured  into  the  ring  and  thoroughly  tamped  with  the  fingers  to  remove  air  bubbles. 
Excess  dental  stone  is  squeezed  out  by  placing  a  glass  plate  firmly  on  top  of  the  ring. 
The  glass  plate  is  left  in  pfjsition  during  setting.  The  cross  bar  is  exactly  centered  by 
gauging  the  distance  of  the  nipples  from  the  molding  ring.  W  hen  the  stone  is  set,  it  is 
removed  from  the  ring  and  a  4*  hole  is  drilled  through  the  exact  center.  The  upper  part 
of  the  hole  is  enlarged  by  countersinking  to  a  funnel-like  opening  IJ"  in  diameter.  .\ 
guide,  made  from  22  gauge  galvanized  iron  4*  wide  and  24"  long  with  a  -‘g"  hole  in  one 
end,  is  inserted  in  a  slot  made  at  right  angles  to  the  cross  bar  by  drilling  a  series  of  holes 
one  inch  deep  with  a  J"  bit.  It  is  set  with  the  plaster  so  that  the  center  of  the  i\"  hole 
is  one  inch  from  the  i>eriphery  of  the  grinding  base.  A  similar  piece  without  the 
hole  is  set  opjKisite  to  balance  the  guide  (figs.  2, 3  and  4).  Grinding  Machine:  Our  method 
of  grinding  rat  teeth  has  been  adapted  to  the  use  of  a  base  plate  drive  of  a  mayonnaise 
emulsifier  made  by  the  National  Mayonnaise  Machine  Co.  Inc.,  Brooklyn,  N.  Y.  Obvi¬ 
ously,  if  another  grinding  machine  is  to  be  used,  alterations  must  be  made  in  the  specifica¬ 
tions  of  most  c>f  the  accessories.  'I'he  machine  ojK-rates  with  a  constant  speed  of  180  r.p.m. 
It  has  a  3',,  horsejxjwer  motor.  .A  280  mesh  carborundum  disk*  5"  in  diameter,  4*  thick 
with  a  I"  arbor  hole  is  placed  on  the  drive  plate  and  keyed  with  a  |"  brass  pin  set  in  the 

‘  W  e  have  used  No.  116  “Koroseal”  of  the  H.  F.  (ioodrich  Co.,  .Akron,  Ohio. 

*  'Ihe  disk  was  obtained  from  The  (.'arborundum  Company,  Niagara  Falls,  N.  Y. 
'I'he  simifications  are  F  Q  W'F  5"  x  4*  x  «*• 
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bilse  plate  I*  from  the  center.  The  pin  is  A'  high  and  fits  into  a  I*  hole  drilled  through 
the  carborundum  disk.  Fine  adjustment  screws  are  made  from  a  brass  rod,  2^"  long 
by  turning  one  end  for  IJ*  with  20  threads  to  the  centimeter  and  the  other  for  with 
20  S..\.E.  threads  to  the  inch.  Two  opposite  lugs  on  the  frame  of  the  grinding  machine 
are  drilled  out  and  threaded  to  take  the  coarse  threads  of  the  fine  adjustment  screws. 
F.ach  screw  is  fitted  with  a  milled  edge  circular  brass  nut  1 J*  in  diameter,  I'  thick  with  a 
J"  boss,  in  diameter  on  the  bottom.  On  the  top  of  the  nut  is  a  well  fj"  diameter  and 

deep.  The  upper  surface  of  the  nut  is  scaled  into  5  equal  divisions.  circular  lock 
nut  1*  in  diameter,  thick  with  milled  edge  is  provided.  In  the  third  lug  of  the  grind¬ 
ing  machine  is  screwed  a  J*  rod  3*  long  to  serve  as  a  guide  (fig.  2).  Dressing  Plate:  flat 
steel  plate  not  less  than  8*  x  8"  either  fixed  to  a  table  top  or  heavy  enough  to  remain  at 
rest  when  used  to  dress  the  carborundum  disk. 

PROCEDURE 

Preparation  of  Jaws:  The  jaws  are  prepared  for  grinding  either  by 
dissection  or  by  boiling  the  severed  rat  heads  for  thirty  minutes  in 
soap  solution.  In  the  latter  case  we  have  treated  up  to  twenty  heads 
simultaneously  by  using  numbered  4^  oz.  cans  for  the  individual  heads 
and  heating  them  in  a  larger  container.  The  jaws  are  then  readily 
removed  from  the  heads  and  brushed  free  of  adhering  tissues  with  an 
ordinary  tooth  brush.  We  have  not  found  any  differences  between 
teeth  obtained  by  dissection  and  those  prepared  by  boiling  in  soap 
solution.  Too  long  boiling  tends  to  loosen  the  teeth. 

Dissected  or  boiled  jaws  are  dried  on  a  cotton  cloth  sufficiently  to 
prevent  them  sticking  together  or  to  paper  as  they  dry  further,  and 
placed  in  individual  coin  envelopes  for  storage.  We  have  had  no 
difficulty  in  grinding  or  staining  teeth  which  have  been  stored  in  such 
manner  for  four  years. 

Mounting  Teeth  for  Grinding:  Place  the  setting  base  in  the  molding 
ring  in  the  molding  ring  frame.  Fill  the  ring  by  pressing  in  modeling 
clay  and  with  the  strike-off  knife  cut  a  plane  surface  flush  with  the 
upper  edge  of  the  ring.  Remove  the  ring  and  trim  the  clay  to  the 
circumference  of  the  base  with  a  knife,  cutting  downward  to  avoid 
raising  the  edge.  Place  the  rubber  rings,  wide  face  down,  concen¬ 
trically  on  the  surface  of  the  clay;  trace  guide  lines  around  them 
with  a  sharp  point  and  remov’e  them. 

With  dissecting  scissors  trim  the  jaws  of  all  bone  not  needed  to 
retain  the  teeth  and  set  them  on  the  clay  surface  in  circles  not  pre¬ 
viously  covered  by  the  rubber  rings.  Use  a  series  of  similar  jaws  such 
as  lower  lefts  from  a  number  of  rats  or  set  all  four  jaws  of  a  series  as 


Fig.  1.  Apparatus  Used  in  X’arious  Steps  of  Setting  Teeth.  ,1,  molding  ring  frame; 
B,  molding  ring;  C,  molding  ring  elevators;  D,  strike-off  knive;  E,  rubber  rings;  F,  cross 


1  Hi.  2.  (irimling  Mai  bine.  (The  grinding  machine  with  the  grinding  base  in  place.) 
Ik..  .1.  Setting  Base  with  Teeth  Set  for  (Irinding 


occur  toward  these  surfaces,  ('are  is  taken  that  the  teeth  just  con¬ 
tact  the  clay,  the  jaws  being  held  in  [xisition  by  protruding  jxfrtions 
of  bone  embedded  in  the  clay.  One,  two  or  three  circles  of  teeth  may 
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he  set,  imjxirtant  divisions  being  marked  by  inserts  of  bone  or  incisors. 
.\  record  of  the  order  of  the  teeth  is,  of  course,  kept  during  the  process. 

When  all  teeth  are  in  place,  they  are  examined  under  7  diameters 
magnification  to  insure  that  they  are  all  in  the  same  plane  and  any 
necessary  adjustments  are  made. 

The  setting  base  with  the  teeth  on  the  modeling  clay  is  returned  to 
the  molding  ring  in  the  frame  with  the  molding  ring  elevators  in  place. 
This  assembly  leaves  the  teeth  depressed  below  the  level  of  the  edge 
of  the  ring,  fhe  rubber  disc  and  rings  are  placed  in  their  outlines 


Fig.  4.  .Apparatus  Used  in  the  Inspection  of  Cavities.  .1.  turntable;  B,  special  micro¬ 
scope  stand. 

on  the  clay  and  a  mixture  of  130  gms.  of  dental  stone  and  40  gms.  of 
water  is  poured  over  the  teeth  and  the  excess  removed  by  sliding  a 
glass  plate  over  the  top  of  the  ring.  I'he  glass  plate  is  left  in  [xtsition 
until  setting  has  taken  place 

When  the  plaster  has  set,  the  moUling  ring  is  removed.  A  thin 
layer  of  dental  stone  and  water  is  spread  over  the  cast  bearing  the 
teeth  and  the  grinding  base  is  inverted  ujx>n  it  and  carefully  adjusted 
to  insure  that  the  edges  coincide.  After  this  plaster  has  set.  the 
modeling  clay  is  pulled  away  from  the  teeth  and  the  rubber  rings 
removed.  Numbers  corresjxuuling  to  the  jaws  or  groups  of  jaws  are 
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written  with  a  pencil  in  the  concentric  depressions  left  by  the  rubber 
rings.  The  pencil  marks  must  be  protected  by  paraftin  applied  quite 
hot  with  a  small  brush.  Drill  a  hole  through  the  thin  layer  of  plaster 
to  meet  the  hole  in  the  setting  base  (  fig.  3). 

Grinding  the  Sections:  The  grinding  machine  is  started  and  the 
grinding  base  lowered  onto  the  carborundum  disk.  Water  is  added 
drop  by  drop  through  the  hole  in  the  setting  base.  Contact  is  made 
with  each  end  of  the  cross  bar  and  the  fine  adjustment  nuts.  As 
grinding  proceeds,  the  nuts  are  turned  to  lower  the  grinding  base. 
When  the  first  flat  surfaces  appear  on  the  teeth,  controlled  grinding 
is  started.  The  fine  adjustment  nuts  are  lowered  the  desired  amount 
and  set  with  the  lock  nuts.  Grinding  is  continued  until  completion 
as  indicated  by  sound  either  with  or  without  increased  hand  pressure. 
The  grinding  base  is  then  removed  for  examination  of  the  teeth  as 
described  below.  About  ten  minutes  is  required  for  grinding  0.2  mm. 

Before  resumption  of  grinding,  it  is  necessary  to  dress  the  car¬ 
borundum  disk  by  grinding  it  face  down  on  a  steel  plate  with  a  slurry 
of  220  mesh  carborundum  powder.  The  dressing  is  continued  until 
marks  of  abrasion,  which  show  as  rings,  disappear.  The  fine  adjust¬ 
ment  nuts  are  then  lowered  the  desired  amount  and  the  operation 
repeated.  We  have  found  by  measurement  of  the  thickness  of  our 
carborundum  disk  that  we  must  lower  the  nuts  0.25  mm.  turn) 
in  order  to  grind  0.2  mm.  from  the  teeth.  The  remaining  0.05  mm. 
represents  the  loss  from  the  carborundum  disk  in  grinding  and  dressing. 

Examination  of  Groioid  Sections:  The  grinding  base  is  rinsed  with 
water,  excess  being  removed  with  a  towel,  and  the  teeth  stained  by 
brushing  with  a  0.5  per  cent  solution  of  methylene  blue.  The  teeth 
are  then  observed  under  1 5  diameters  magnification  with  a  binocular 
microscope,  the  surfaces  being  moistened  as  required  by  means  of  a 
small  brush. 

We  have  found  the  examination  most  convenient  with  the  apparatus 
shown  in  fig.  4  in  which  A  is  a  petri  dish  turntable,  B  a  special 
stand  for  a  liausch  and  Lomb  binocular  microscope.  The  stand  is 
made  of  steel  thick,  5^'  high  and  3"  wide  with  the  lower  flange 
^attached  to  the  table  with  J"  bolts  and  wing  nuts)  \\"  long.  The 
upper  flange,  2"  long,  is  threaded  to  receive  machine  screws  for  hold¬ 
ing  the  microscope,  d’he  stand  just  clears  the  regular  base  of  the 
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microscope  and  is  thus  instantly  changeable  to  the  ordinary  arrange¬ 
ment  by  sliding  the  regular  base  into  the  desired  position. 

Our  system  of  recording  fissure  caries  in  rat  teeth  will  be  described 
in  a  subsequent  paper. 
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STUDIES  IN  TOOTH  DEVELOPMENT 

11.  The  Rate  of  Apposition  of  Enamel  and  Dentin  in  Man  and 
Other  Mammals* 

ISAAC  SCHOUR,  D.D.S.,  Ph.D.,  and  M.  M.  HOFFMAN,  B.S.,  D.D.S. 

Department  of  Histology,  the  U niversity  of  Illinois,  College  of  Dentistry,  Chicago, 

Illinois 

The  purpose  of  this  study  was  to  measure  the  rate  of  apposition  of 
enamel  and  dentin  in  various  types  of  mammalian  teeth  and  to  deter¬ 
mine  the  possible  quantitative  correlation  between  the  appositional 
rate  and  the  Ib/x  calcification  rhythm  which  was  established  in  the 
previous  study  (Schour  and  Hoffman,  1939). 

REVIEW  OF  LITER.\TURE 

The  rate  of  apposition  and  calcification  of  enamel  and  dentin  has  in 
the  past  been  studied  mainly  by  gross,  radiographic  and  histologic 
observations  on  jaws  of  feti  and  children  of  known  ages  that  were 
obtained  at  autopsy.  Such  studies  >delded  approximate  data  for  the 
chronology  of  dentition.  An  indicator  to  show  the  site  of  growth  in 
teeth  of  living  animals  was  first  used  by  Hunter  (1771),  who  fed  madder 
to  pigs.  His  work  was  not  quantitative  but  it  paved  the  way  for 
further  investigation.  Marshall  (1920)  measured  the  rate  of  apposi¬ 
tion  of  the  dentin  of  the  incisor  in  rats  that  were  injected  with  alizarine, 
tr\’pan  blue  or  purpurin,  and  found  that  the  dentin  in  the  incisor  of  the 
rat  was  apposed  at  the  rate  of  10  n  per  day.  Pfliiger  (1931)  reported, 
on  the  basis  of  injections  of  uroporphyrin,  that  dentin  in  the  young 
dog  grew  10  n  per  day. 

Asper  (1916)  counted  the  total  number  of  striae  of  Retzius  in  ground 
sections  of  ten  human  canines  and  concluded  that  one  enamel  globule 
and  one  transverse  striation  are  laid  down  daily  in  each  enamel  rod. 

‘This  investigation  has  been  aided  by  a  grant  from  the  Carnegie  Corporation  of 
New  York  and  from  the  Graduate  Research  Board  of  the  University  of  Illinois.  A  pre¬ 
liminary  report  of  this  study  was  published  in  the  J.  D.  Res.,  15:  161  (Schour  and 
HoSman,  193Sa). 


161 


TABLE  I 

History  of  40  Fluorine  Injected  Animals  and  Amount  of  Daily  Apposition  in  Enamel  and  Dentin 
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Rabbit  (adult)  1  3,360.0*  6  .  6  1.25-2.5  2.25-4.5  48-48-72-168-48 

2  3,360.0  6  .6  1.25-2.5  2.25-4.5  48-48-72-168-48 

3  3,360.0  4  .6  2.3  4.5  48-48-72 
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Schour  and  Smith  (1934)  gave  injections  of  sodium  fluoride  to  white 
rats  and  found  that  the  enamel  and  dentin  were  apposed  at  the  rate  of 
16  n  per  day.  Schour  and  Poncher  (1937)  measured  the  rate  of  apposi¬ 
tion  of  enamel  and  dentin  in  the  teeth  of  a  human  infant  that  was 
given  injections  of  small  doses  of  sodium  fluoride  and  found  an  average 
rate  of  approximately  4  n  per  24  hours  (the  diameter  of  one  enamel 
globule). 


METHODS  AND  MATERIALS 

The  methods  and  materials  may  be  divided  into  three  groups:  I.  Animals  that  were 
given  injections  of  sodium  fluoride  (Table  I).  II.  Animals  that  were  given  injections 
of  alizarine  Red  S  (Tables  11  and  III).  III.  Animals  that  were  subjected  to  various 
experimental  interferences  for  known  periods  of  time  (not  more  than  30  days)  (Table  IV). 

TABLE  II 

History  of  149  Alizarine  Red  S  Injected  Rats  and  Daily  A p positional  Rate  in  the 
Incisor  Dentin 


ACM.  CBOUPS 
IK  PAYS 

Nmzm  or 

EATS 

nt  GEOur 

AVKEAGE 
WZICRT  IK 
GEA1C8 

KT7MBEE 

or 

IKJECnOKS 

AVEEACE  DOSAGE 
IK  MGMS.  or 
AUEAEIKE  EEO 

S  (2  PEE  CENT 
SOL.)  PEE  EGM. 
or  BODY  WGT. 

EAKGE  or 
DOEATION  or 
EXPEEllfEKT 
IN  DAYS 

AVEEAOE  DENTIN 
APPOSITIONAL 
EATS  IN  MICEONS 
PEE  24-HOUE 
PEEIOD 

15-30 

18 

116 

2-4 

80-124 

10-24 

16.01  ±  .018 

30-50 

37 

139 

2-5 

67-134 

4-28 

15.92  ±  .114 

50-70 

21 

158 

2-5 

51-89 

6-24 

15.71  ±  .227 

70-90 

14 

167 

2-4 

46-81 

4-10 

15.83  =fc  .146 

90-250 

59 

196 

2-6 

54 

4-27 

16.11  d=  .143 

Group  /.  Animals  Injected  with  Sodium  Fluoride.  Table  I  gives  the  number  and 
dosage  of  the  intraperitoneal  injections  administered  to  representative  animals  of  10 
species.  Decalcified  sections  were  cut  in  serial  order  and  stained  with  hematoxylin  and 
eosin.  Ground  sections  were  prepared  by  hand  or  by  first  mounting  the  teeth  on  a 
corir  (with  cellulose  cement)  and  then  grinding  to  the  desired  thickness  (about  30  m)< 
Method  of  Measuring.  The  daily  rate  of  apposition  was  obtained  by  dividing  the  dis¬ 
tance  in  microns  between  any  2  injection  effects  (measured  along  the  enamel  rods  or 
dentinal  tubules)  by  the  number  of  days  that  elapsed  between  the  corresponding  ad¬ 
ministrations. 

Group  II.  Animals  Injected  with  Alizarine  Red  S.  In  order  to  check  the  findings 
obtained  by  injections  of  sodium  fluoride,  another  series  of  animals  was  given  injections 
of  alizarine  Red  S.  For  each  injection  a  distinct  red  ring  was  observed  in  the  dentin 
that  was  forming  and  calcifying  at  the  time. 

Alizarine  Red  S  (sodium  sulphalizarinate)  of  color  index  1034,  obtained  from  Coleman 
and  Bell  Company,  proved  to  be  most  consistently  effective.  A  2  per  cent  alizarine 
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TABLE  III 


History  of  17  Alizarine  Red  S  Injected  Monkeys  and  Average  Daily  Apposition  in  Dentin^ 


NUMBSm 
or  ANIMAL 

NUMBER  or 
INJECTIONS 

AMOUNT  or 
ALItARINE  RED  S 

IN  C.C. 

SITE  or  INJECTION 

i 

DURATION  or 

EXTERIMENT 
Df  DAYS 

AVERAGE  RATE 
or  DENTIN 
ArrOSlTlON  IN 
MICRONS  PER 

24  HOURS 

1 

5 

Intraperitoneal 

19 

4.40 

2 

5 

Intraperitoneal 

32 

3.80 

3 

5 

Intravenous 

14 

4.09 

4 

2 

10 

Intraperitoneal 

13 

3.87 

5 

2 

10 

Intraperitoneal 

13 

3.84 

6 

2 

10 

Intraperitoneal 

55 

3.90 

7 

5 

10 

Intraperitoneal 

105 

4.02 

8 

2 

5&3 

Intravenous 

28 

3.72 

9 

5 

10 

Intravenous 

65 

3.85 

4 

5,  5,  10,  10 

Intravenous 

65 

4.11 

11 

3 

10 

and 

97 

3.88 

12 

3 

4,  2  &  10 

Intraperitoneal 

134 

3.77 

13 

3 

7,  10  &  10 

128 

4.21 

14 

3 

6,  6  &  10 

121 

4.04 

15 

3 

8,  10  &  10 

135 

4.11 

16 

3 

10,  10  &  10 

93 

3.68 

17 

2 

6&  10 

90 

4.24 

*  Chronological  ages  ranged  between  one  and  seven  years. 

Dosage  ranged  from  32-85  mgms.  per  kgm.  utilizing  a  2%  solution  of  Alizarine  Red  S. 
Measurements  were  made  mainly  at  gingival  thirds  of  crowns  and  roots  of  bicxispids 
and  molars  and  do  not  represent  the  gradient  effects  discussed  in  text.  For  preliminary 
report  see  Schour  and  Hoffman  1938. 


TABLE  IV 


EXPERIMENTAL  STUDY 

NUMBER 
or  ANIMALS 

RATE  or 
GROWTH  PER 

24  HOURS* 

IN  A 

Adrenalectomy  (Schour  and  Rogoff,  1936) . 

38 

15.75 

Gonadectomy  (Schour,  1936) . 

26 

15.83 

Parathyroidectomy  (Schour,  Chandler  &  Tweedy,  1937). . . . 

80 

15.80 

Early  Changes  in  Hypophysectomy . 

63 

16.14 

Total  Number  of  Animals . 

Average  Rate  per  24  Hours  in  p . 

207 

15.88 

*  Total  of  Measurements  in  m 
Total  Survival  Periods  in  Days 


Daily  Rate. 
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Red  S  solution  in  .45  per  cent  sodium  chloride  was  found  to  be  isotonic  by  means  of 
freezing-point  determinations.  These  isotonic  solutions  were  used  to  avoid  local  irrita¬ 
tion  upon  injection.* 

Table  U  gives  the  history  of  149  white  rats  that  were  administered  multiple  intra- 
peritoneal  injections  of  alizarine  Red  S.  The  total  number  of  injections  was  505.  The 
resulting  red  lines  were  seen  only  in  ground  sections. 

Table  III  gives  the  history  of  17  Macacus  rhesus  that  were  administered  injections  of 
alizarine  Red  S.  The  animals  were  of  mixed  and  adult  dentition  and  ranged  from  1} 
to  7  years  of  age. 

Group  III.  Animals  Subjected  to  Experimental  Interferences  for  Known  Periods. 
Table  IV  gives  the  history  of  207  rats  which  were  subjected  to  interferences  of  30  days’ 
duration  or  less  that  disturbed  the  calcification  of  the  dentin  apposed  during  the  experi¬ 
mental  period.  In  the  histologic  sections  it  was  possible  to  distinguish  between  the 
normal  pre-experimental  dentin  and  the  altered  experimental  zones.  Animals  of  an 
experimental  history  of  longer  than  30  days  were  not  used  since  the  rat  incisor  renews 
itself  about  every  50  days  and  about  20  days  of  pre-experimental  dentin  were  allowed 
in  order  to  demarcate  normal  from  experimental  dentin.  The  daily  rate  of  apposition 
was  determined  by  measuring  the  width  of  the  given  experimental  zone  in  u  and  dividing 
this  amount  by  the  duration  of  the  experiment  in  days. 

FINDINGS 
GROUP  I 

Histologic  Appearance  of  Fluorine  Effects.  Both  the  enamel  and  the  dentin  showed  a 
pair  of  light  (disturbed)  and  dark  (recovery)  incremental  layers  for  each  injection  of 
sodium  fluoride.  The  light  layers  represent  the  immediate  primary  response  to  the  in¬ 
jections  and  are  imperfect  in  formation  and  deficient  in  calcification.  The  dark  layers 
represent  the  secondary  recovery  response  and  are  normal  in  formation  and  normal  or 
excessive  in  calcification. 

Grenz  ray  studies  confirmed  the  findings  in  the  decalcified  sections  and  clarified  further 
the  reaction  of  the  dentin.  The  secondary  reaction  showed  a  radiopadty  that  was  much 
greater  than  that  of  the  normal  pre-experimental  dentin  (figs.  1  and  Z). 

Enamel  of  Decalcified  Sections.  In  the  organic  portion  of  the  enamel  that  was  not 
lost  by  the  decalcifying  process  in  the  course  of  the  histologic  preparation,  the  light  layer 
'  stains  very  lightly  with  hematoxylin  and  is  blue  with  Mallory’s  triple  connective-tissue 
stain,  indicating  an  arrest  in  calcification.  *  Occasionally  a  short  bend  in  the  course  of 
the  prisms  indicated  also  a  disturbance  in  the  path  of  formation  {fig.  7).  The  dark  layer 
was  normal  in  its  staining  reaction  and  its  structural  elements. 

Dentin  of  Decalcified  Sections.  The  light  layer  shows  a  distinct  interglobular  texture. 
It  stains  predominatingly  with  eosin.  The  dark  layer  stains  well  with  hematoxylin 
(figs.  4,  5  and  8).  Closer  observation  frequently  shows  a  very  sharp  fine  hematoxylin- 
staining  line  which  borders  the  beginning  of  the  light  layer  and  facilitates  the  measure¬ 
ments  of  the  width  of  each  experimental  zone.  This  line  has  been  termed  a  calciotrau- 
matic  line  (Schour,  Chandler  and  Tweedy,  1937).  Occasionally  the  dark  layer  shows  a 
deeper  staining  at  its  peripheral  borders  than  in  its  center  (fig.  4). 


*  The  authors  are  indebted  to  Dr.  Ra}rmond  Ingraham  of  the  Physiology  Department 
of  the  University  of  Illinois,  College  of  Medicine,  for  his  advice  and  help  in  determining 
the  above  method  of  preparation. 
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Findings  on  Rale  of  Apposition.  Table  I  shows  the  results  of  the 
measurements.  The  daily  rate  of  apposition  of  both  enamel  and  den¬ 
tin  in  the  growing  teeth  of  the  rodents  and  the  kittens  and  pups  was 
approximately  16  microns  {figs.  1-5,  8  and  9).  The  range  was  15.2- 
16.9  microns.  There  was  no  significant  difference  in  the  amount  of 
apposition  in  the  different  species,  in  the  incisors  and  molars  of  con¬ 
tinuous  growth. 

In  the  Macacus  rhesus,  the  average  daily  rate  of  apposition  in  the 
dentin  was  approximately  4  microns  (Table  I,  fig.  10).  The  level  of 
the  dentin  measured  was  confined  to  the  gingival  thirds  of  the  crowns 
and  roots  of  the  premolars  and  the  molars.  Measurements  taken  at 
other  levels  showed  a  gradient  effect.  The  daily  rate  of  apposition 
ranged  from  12.2  n  in  the  cuspal  portion  of  third  molars  to  2.4  /x  at 
the  apical  level  in  canines  and  premolars. 

GROUP  n 

Histologic  Appearances  of  Alizarine  Ejects.  The  effect  of  the  alizarine  Red  S  in  the 
enamel  consists  of  a  temporary  diffuse  red-staining  reaction  on  the  surface  of  the  enamel 
which  is  forming  at  the  time  of  injection,  and  cannot  be  utilized  for  measuring  the  rate 
of  apposition. 

In  the  dentin,  a  distinct  incremental  red  ring  was  observed  for  each  injection  and  the 
measurement  of  the  distances  between  successive  rings  indicated  the  amount  of  apposi¬ 
tion  during  the  corresponding  intervals.  The  effect  of  each  injection  was  immediate 
as  indicated  in  the  rats  and  monkeys  that  were  sacrificed  within  a  few  hours  after  the 
last  injection.  In  these  cases  the  intermediate  dentin  (Schour  and  Rogoff,  1936)  which 
marks  the  border  between  the  predentin  and  the  calcified  dentin  stained  a  distinct  violet- 
red  color. 

Findings  on  Rate  of  Apposition.  Rats.  Table  II  shows  the  results 
of  measurements  obtained  in  149  white  rats  ranging  from  15  to  250 
days  of  age  that  were  given  multiple  intraperitoneal  injections  of 
alizarine  Red  S.  The  daily  rate  of  apposition  in  the  dentin  of  the 
incisors  was  approximately  16  microns.  The  range  was  from  15.4  to 
17.3  /i.  There  was  no  significant  difference  in  the  rate  in  the  young 
and  old  animals.  Text  fig.  1  shows  the  range  of  330  measurements  of 
the  amount  of  daily  apposition  of  dentin  in  the  incisors  of  47  rats.  This 
histogram  is  representative  of  the  findings  in  the  entire  group  of  149 
rats. 

Macacus  Rhesus.  Table  III  shows  the  results  of  1 164  measurements 
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obtained  in  17  Macacus  rhesus.  The  average  daily  rate  of  apposi- 
tional  growth  of  the  dentin  was  approximately  4  m  in  the  gingival  third 
of  the  premolars  and  molars. 


75 


25 


Histogram  show- 
inc^  the  of 
330  measurements 
of  the  amount  of 
apposition  of  dentin 
in  24  hours  in 
the  incisors  of 
47  rats. 
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TABLE  V 


&FECIU  1 

NUMBEB 
INJECTED 
WITH  NeF 

NUMBEB 

INJECTED 

WITH 

AXOZABINE 

NUMBEB 
SUBJECTED 
TO  BBIEE 
EXPB.  FD. 

TOTAL  OF 
ANIMALS 

AFPBOX. 

DAILY 

AVEBAGS 

BATS 

Rodents . | 

26 

149 

207 

382 

16  M 

Mscscus  Rhesus . | 

10 

17 

27 

4  M 

GROUP  III 

The  histologic  appearance  of  the  experimental  dentin  zones  was 
found  to  be  characteristic  for  each  particular  experiment  and  was 
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described  in  separate  reports  (Schour  and  Rogoff,  1936;  Schour, 
Chandler  and  Tweedy,  1937;  Schour,  1936).  The  average  daily 
appositional  rate  of  dentin  in  the  rats  studied  was  15.88  n  (Table  IV). 

Summary  of  Findings.  There  was  no  significant  difference  in  the 
findings  obtained  by  the  three  methods  employed  (Table  V). 

DISCUSSION 

The  Validity  of  the  Use  of  the  Rate  of  Calcification  as  a  Basis  for 
Determining  the  rate  of  Apposition.  It  is  true  that  in  employing  vital 
injections  of  sodium  fluoride  and  alizarine  Red  S,  the  rate  of  calcifica¬ 
tion  rather  than  the  rate  of  apposition  was  actually  measured.  Al¬ 
though  appositional  growth  and  calcification  are  separate  and  distinct 
processes,  both  are  incremental  in  pattern  and  proceed  in  close  and 
harmonious  succession.  In  the  dentin,  the  apposition  of  a  given 
incremental  layer  occurs  in  advance  of  its  calcification,  the  time 
difference  being  designated  by  the  width  of  the  predentin  which  tends 
to  be  constant  at  any  particular  level.  In  the  incisor  of  the  rat  the 
dentin  matrix  laid  down  one  day  becomes  calcified  approximately  one 
day  later.  The  fact  that  normally  the  width  of  the  predentin  remains 
constant  at  any  given  level  shows  that  under  normal  conditions  the 
rate  of  incremental  calcification  and  the  rate  of  apposition  are  identical, 
although,  in  respect  to  time,  the  calcification  is  slightly  behind  the 
actual  deposition  of  the  matrix. 

If  the  rate  of  calcification  should  become  slower  than  the  rate  of 
apposition,  one  would  expect  the  predentin  width  to  increase.  This 
actually  occurs  in  rickets.  On  the  other  hand,  if  the  appositional  rate 
were  slower  than  the  calcification  rate,  a  narrow  predentin  should 
result  or  the  predentin  should  become  completely  calcified.  This  is 
the  case  in  the  distal  end  of  the  incisor  of  the  normal  rat  where  dentin 
apposition  stops  (that  is,  the  primar>-  physiologic  life  span  of  the 
formative  cells  is  ended)  but  calcification  still  continues. 

Thus,  while  calcification  and  appositional  growth  are  separate  and 
distinct  processes  whose  rates  can  be  disassociated  experimentally,  all 
the  available  evidence  points  to  the  conclusion  that  the  rate  of  incre¬ 
mental  calcification  and  the  rate  of  apposition  in  enamel  and  dentin 
are  the  same  and  that  the  calcification  pattern  under  normal  amditions 
acts  as  a  reliable  indicator  of  the  growth  pattern.  Imprints  upon  the 
calcification  pattern  have  long  been  accepted  and  employeil  as  an  index 
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of  the  growth  pattern  and  the  rate  of  growth  (Hunter  1771,  Brash 
1928).  Harris  1933,  and  Todd  1937,  used  roentgenograms  of  the  long 
bones  as  an  index  of  growth.  From  the  point  of  view  of  this  investiga- 


TABLE  VT 

A  Comparison  of  the  Ejects  of  Sodium  Fluoride  and  Alizarine  Red  S 


KrrECTS 

SODirX  FLCOSIDS  | 

ALIZAIINK  ICO  S 

Effect  upon  Formative 
ceiii  ; 

i 

Produces  abnormal  intracellular 
globules  one  hour  after  injection; 
ameloblasts  more  sensitive  than 
odontoblasts  (Schour  and  Smith 
’34) 

None  noted. 

Effect  upon  .\pposi-j 
tionaJ  Growth 

Rate  of  matrix  apposition  not  altered 
in  small  doses. 

Lines  of  deviated  growth  in  enamel. 

None  observed. 

Possible  Mechanism  of 
.Action 

Fluoride  deposited  at  expense  of  the 
PO4  and  COi; 

Disturbs  phosphatase  mechanism 
(DeEds  ’33). 

Calcium  alizarinate  lake 
may  form. 

Alizarine  may  indicate  by 
color  reaction  the  pH  of 
the  calcifying  matrix. 

Reaction  seen  in 
Ground  Sections 

i  Primary  hypocalcified  and  secondary 

1  hypercalcified  stripe  for  each  in¬ 
jection  in  enamel  and  dentin 

1  (Schour  and  Smith  ’34). 

1 

In  dentin  a  single  red  ring 
for  each  injection. 

In  enamel  a  diffuse  effect. 

Reaction  seen  in  De- 
calcihed  Sections 

!  Accentuated  incremental  lines  in  the 
1  dentin  and  in  the  organic  ename 
i  matrix 

Lost  during  decalcifica¬ 
tion. 

Reaction  to  Grenz 
X-rays 

j  Pair  of  radiopaque  and  radiolucent 
i  rings  for  each  injection  effect. 

Not  studied. 

Effect  upon  Rate  of 
Apposition  of  En¬ 
amel  and  Dentin  in 
Rat  Incisor 

j  Normal — 16  u  per  24-hour  period. 

i 

! 

Normal — 16  m  per  24-hour 

period. 

1 

1 

1 

tion,  it  is  significant  that  sodium  fluoride  and  alizarine  Red  S  in  the 
dosages  employed  do  not  alter  the  normal  rate  of  apposition,  and  yield 
the  same  quantitative  results  that  were  obtained  from  measurements 
of  experimental  zones  of  known  duration  (Table  VI). 
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The  Relationship  Between  the  16  n  Calcification  Rhythm  and  the  Rate 
of  Apposition.  The  16  /n  calcification  rhythm  described  in  the  previous 
report  (Schour  and  Hoffman  1939)  persists  in  spite  of  the  differences 
in  the  rate  of  apposition  in  the  different  species  studied.  It  would 
appear  that  while  the  process  of  calcification  is  a  physico-chemical 
precipitation  of  calcium  salts  and  therefore  is  essentially  similar  in  all 
the  species  studied,  the  process  of  apposition  is  dependent  upon  the 
activity  of  the  formative  cells  and  therefore  tends  to  waxy  among  the 
different  species.  The  constancy  of  the  16  n  calcification  rhythm  is 
not  altered  even  by  severe  experimental  interferences  such  as  para¬ 
thyroidectomy  or  hypophysectomy. 

While  the  rate  of  growth  frequently  shows  a  marked  gradient  in  a 
single  tooth,  these  gradients  of  growth  follow  a  definite  law  of  distribu¬ 
tion  and  constancy  (Schour  and  Massler,  1937).  In  the  continuously 
growing  rodent  incisor  the  gradient  is  small  and  the  16  m  increment  is 
not  only  a  unit  of  calcification  but  also  the  daily  unit  of  app)osition. 
The  question  of  the  possible  diurnal  and  nocturnal  rhythm  in  the 
formation  and  calcification  of  the  enamel  and  dentin  presents  an  inter¬ 
esting  field  for  further  investigation.  Preliminary  experiments  with 
alizarine  Red  S  indicate  that  a  daily  calcification  tide  is  present  in  the 
rat. 

General  Considerations.  The  findings  in  this  report  establish  the 
regularity  and  rhythmicity  of  the  apposition  and  calcification  processes 
of  enamel  and  dentin  and  point  out  the  usefulness  of  quantitative 
methods  in  dental  research.  Most  of  the  experimental  investigations 
on  tooth  development  reported  in  the  literature  have  been  conducted 
on  a  qualitative  basis.  The  methods  employed  in  this  investigation 
make  it  possible  to  attack  other  problems  in  tooth  development  on  a 
quantitative  basis  as  well.  The  elucidation  of  the  rate  of  formation  of 
other  calcified  tissues  such  as  bone,  cementum  and  secondary  dentin, 
promises  to  be  of  clinical  significance.  The  preparation  of  an  alizarine 
solution  which  would  impart  radiopaque  lines  to  the  calcifying  tissues 
would  also  be  very  useful. 

SUMMARY  AND  CONCLUSIONS 

The  rate  of  apposition  of  enamel  and  dentin  was  studied  in  412 
animals  of  10  s|>ecies,  by  3  methods:  injections  of  soiiium  fluoride; 
injections  of  alizarine  Red  S;  and  ex|H*rimental  interferences  for  known 
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Plate  1 

Fig.  1.  Transverse  ground  section  of  incisor  of  rat  which  was  given  8  injections  of 
0.3  cc.  of  2.5  j)er  cent  NaF  at  48-hour  intervals  and  sacriSced  48  hours  after  last  injec- 
tkm.  Note  8  pairs  of  dark  and  light  rings  in  dentin.  Average  daily  appositional  rate 
closely  approximates  16.00  m-  X  25  (.\pprox.). 

Fig.  2.  Grenz  x-ray  him  of  section  in  fig.  1.  Note  8  pairs  of  radiolucent  and  radio¬ 
paque  rings  in  dentin  which  correspond  with  effects  seen  in  fig.  1.  X  22  (Approx.). 
Roentgenogram  was  kindly  prepared  by  Dr.  E.  Applebaum. 

Fig.  3.  Ground  section  of  dentin  of  the  lower  canine  of  dog  1  (Table  I).  Average 
daily  a{^>ositional  rate  equals  15.82  m*  Effect  of  last  injection  is  partly  lost  in  predentin 
since  animal  was  sacrihced  22  hours  after  last  injection.  X  133  (Approx.). 

Fig.  4.  Decalcihed  section  of  dentin  of  mouse  6  (Table  I).  Average  daily  apposition 
equals  15.9  P>  pulp;  Pre,  predentin.  X  165  (Approx.). 

Fig.  5.  Decalcihed  section  of  dentin  of  an  upper  deciduous  incisor  of  kitten  3  (Table 
I).  Average  daily  rate  equals  16.17  P.  pulp.  X  187  (.A.pprox.). 

Fig.  6.  Longitudinal  ground  section  of  dentin  in  human  deciduous  incisor,  showing 
the  effect  of  6  injections  of  NaF.  The  daily  appositional  rate  approximates  4  /i  at  the 
gingival  one-thiid  of  root.  X  141  (.\pprox.).  (See  Schour  and  Poncher,  1937). 

Fig.  7.  Organic  enamel  matrix  of  lower  left  permanent  hrst  incisor  of  the  same  child 
as  in  fig.  6,  show'ing  effects  of  same  injections  on  enamel.  Note  bending  and  step-like 
formation  produced  in  enamel  rods  deposited  at  time  of  injections.  Average  daily  ap- 
poaitional  rate  approximates  3.1  M-  X  141  (Approx.).  (See  Schour  and  Poncher,  1937). 

Fig.  8.  Decalcihed  section  of  incisor  dentin  of  ground  squirrel  2  (Table  I)  which  was 
given  3  injections  of  NaF  at  48  hour  intervals.  Average  daily  rate  was  approximately 
16  (i.  D,  pre-experimental  dentin;  Intm.,  intermediate  dentin;  Od,  odontoblasts;  Pre, 
predentin.  X  366  (Approx.). 

Fig.  9.  Incisor  dentin  of  rabbit  3  (Table  I).  PD.,  post-experimental  Dentin.  Aver¬ 
age  appositional  rate  per  24- hour  period  equals  16.29  it.  X  92  (Approx.). 

Fig.  10.  Ground  section  of  dentin  of  monkey  1  (Table  I).  Average  daily  apposi¬ 
tional  rau  is  3.89  it.  X  290  (.Approx.).  D,  pre-experimental  dentin  showing  the 
normal  16  it  incremental  rings;  PD.,  post-experimental  dentin. 
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brief  periods  of  time.  Each  injection  of  sodium  fluoride  produced  a 
prompt  record  in  the  form  of  an  undercalcitied  layer  of  the  dentin  or 
enamel  that  was  then  being  apposed.  Each  injection  of  alizarine  Red 
S  produced  a  distinct  red  line  in  the  dentin.  Each  e.xperimental 
interference  produced  a  modification  of  the  calcification  pattern  in  the 
dentin  that  was  calcifying  during  the  experimental  period. 

The  daily  appositional  rate  was  determined  by  measuring  in  microns 
the  distance  between  the  sharp  effects  of  two  successive  injections  of 
sodium  fluoride  or  alizarine  Red  S,  or  by  measuring  the  width  of  a 
given  experimental  zone  and  dividing  the  distances  by  the  number  of 
days  of  the  duration  of  the  experiment. 

The  following  conclusions  may  be  drawn  from  the  data  obtained : 

1.  In  the  rodent  incisor  the  daily  rate  of  formation  of  enamel  and 
dentin  is  appro.ximately  16  /u  and  shows  only  a  small  gradient. 

2.  In  the  rodent  incisors,  therefore,  the  16  n  unit  of  calcification  is 
also  a  daily  unit  of  formation. 

3.  In  teeth  other  than  rodent  incisors,  the  daily  rate  of  formation  of 
enamel  and  dentin  shows  a  considerable  but  orderly  gradient  (ranging 
from  16  M  to  2  /i)  that  varies  with  the  species,  tooth,  and  the  time  and 
level  of  its  formation. 

The  knowledge  of  the  rate  of  formation  of  the  dental  tissues  estab¬ 
lishes  a  quantitative  basis  for  tooth  ring  analysis.  The  methods 
employed  in  this  study  (especially  injections  of  alizarine  Red  S)  permit 
a  similar  analysis  of  the  rate  of  formation  of  cementum,  bone  and 
secondary  dentin. 
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WARM  STAGE  STUDIES  OF  DISSOCIATING  STREPTOCOCCI 
FROM  DENTAL  CARIES 

CAROLYN  HAMMOND,  B.S.,  M.A. 

The  Foundation  for  Dental  Research  of  the  Chicago  College  of  Dental  Surgery 

The  isolation  of  streptococci  from  33  per  cent  of  pulps  of  intact 
teeth,  the  outsides  of  which  had  been  sterilized,  has  been  described  by 
Tunnicliff  and  Hammond  (1).  The  various  strains  of  this  organism 
produced  smooth  colonies  on  blood  agar  and  turned  it  green.  These 
authors  have  also  isolated  rough  colonies  of  S.  viridans  associated 
with  smooth,  except  in  one  instance,  from  the  leathery  dentin  and 
puli^s  of  12  carious  teeth  (2). 

In  its  rough  phase  the  streptococcus  produced  flat,  granular,  micro¬ 
scopic  colonies  with  irregular  margins.  Smears  from  these  rough 
colonies  showed  bacilli  of  varying  lengths,  crescents,  coccoid  bodies, 
coiled  forms  and  filaments.  In  smears  made  from  colonies  isolated 
as  rough  the  organisms  appeared  to  develop  by  the  formation  of  a 
loop  in  a  filament.  The  ends  of  the  loop  joined  and  a  large  coccoid 
body  was  formed.  This  coccoid  body  occasionally  broke  up  into 
small  ones.  However,  both  large  and  small  coccoid  bodies  eventually 
became  crescents  which  developed  into  short  wavy  forms,  these 
later  growing  out  into  a  mass  of  long,  twisted  filaments.  It  was  pos¬ 
sible  to  effect  the  transition  from  R  — >  S  by  transferring  cultures  in 
1  per  cent  dextrose  broth  every  2  or  3  days. 

The  evidence  of  a  beginning  R  — >  S  change  in  smears  of  organisms 
from  colonies  undergoing  such  a  transition  was  the  appearance  of 
cocci  in  a  chain  of  bacilli.  Filaments  divided  into  bacillary  forms  and 
these  into  coccus  forms.  By  the  time  the  smooth  stage  was  reached 
only  coccus  forms  were  visible. 

The  smooth  colonies  were  convex  or  conical  and  had  regular 
margins.  Smears  from  the  smooth  colonies  showed  only  coccus  forms 
in  pairs,  clumps,  or  short  chains.  These  colonies  were  changed  to 
rough  ones  made  up  of  bacilli,  crescents  and  wavy  filaments  by  aging 
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or  culturing  in  20  per  cent  dextrose  broth.  It  was  thought  it  might 
prove  interesting  actually  to  observe  these  transformations  on  a  warm 
stage. 

At  first  broth  cultures  were  seeded  and  stained  smears  and  hanging 
drops  made  at  hourly  intervals,  a  method  used  satisfactorily  by 
Novak  and  Henrici  (3)  and  Colien  (4).  However,  it  proved  to  be  of 
little  value  for  our  purposes.  A  technique  was  then  evolved  which 
closely  resembled  that  used  by  Rettger  and  Gillespie  (5). 

A  sterile  deep-well  (about  3  mm.  deep)  depression  slide  was  used.  A  tube  of  agar 
containing  8-10  cc.  was  melted  and  poured  into  a  Petri  dish.  When  this  was  hard  a 
small  block  of  agar  1  cm.  square  was  cut  out,  removed  on  the  blade  of  a  sterile  spatula 
and  immediately  placed  between  the  covers  of  a  sterile  Petri  dish.  The  free  surface  of 
the  agar  block  was  then  inoculated  with  a  very  light  seeding  of  the  organism.  A  light 
seeding  was  necessary  in  order  that  a  single  organism  or  a  group  of  2  or  3  might  be  selected 
for  observation.  The  block  was  placed  on  a  sterile  coverslip  with  the  inoculated  surface 
next  to  the  glass.  Two  or  3  drops  of  sterile  water  were  placed  in  the  bottom  of  the  well 
in  the  depression  slide  to  inhibit  drying  of  the  agar  block.  The  coverslip  with  it%agar 
block  affixed  was  inverted  over  the  well  and,  to  prevent  any  movement  of  the  coverslip, 
4  drops  of  melted  paraffin  were  placed  on  each  of  its  edges.  The  slide  was  then  put  on 
the  warm  stage,  the  temperature  raised  to  37'’C.  and  the  organisms  observed  imder  the 
oil  immersion  lens.  The  water  in  the  well  did  not  affect  the  optical  system  as  the  or¬ 
ganisms  were  plainly  and  easily  visible.  It  was  necessary  to  raise  the  temperature 
gradually  to  prevent  condensation  water  from  collecting  on  the  undersurface  of  the 
coverslip.  Condensation  water  collecting  under  the  block  when  this  precaution  was 
neglected  made  it  impossible  to  keep  the  organisms  in  focus  and  eventually  the  block 
either  swam  to  the  side  of  the  well  or  dropped  off  the  coverslip.  This  preparation  would 
last  2-3  days  or  until  the  water  in  the  well  evaporated  resulting  in  the  drying  of  the  agar. 
There  was  always  approximately  a  4-hour  lag  phase  during  which  no  growth  was  evident 

At  first  blocks  of  blood  agar  were  used;  but  although  the  organisms 
were  visible  the  corpuscles  interfered  to  such  an  extent  that  plain 
dextrose  agar  was  tried.  The  results  indicated  that  dextrose  agar 
was  as  effective  as  dextrose  broth  in  instigating  the  R  ^  S  change. 
To  induce  the  S  — ♦  R  transformation  malt  agar  was  found  useful. 
The  colonies  fished  for  observation  were  always  those  which  had 
started  to  change  in  the  desired  direction,  i.e.,  in  the  case  of  a  rough 
colony  a  stained  smear  showed  the  presence  of  a  few  coccus  forms 
while  a  smear  from  a  smooth  colony  used  for  observation  showed  a 
few  cocco-bacilli. 

In  the  R  — »  S  transformation  bacilli,  filaments,  crescents  and 
coiled  forms  from  rough  colonies  were  seen  to  change  into  cocci. 
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Cocci  were  formed  most  frequently  by  a  division  and  ensuing  shorten¬ 
ing  of  bacilli  and  filaments.  As  these  straight  forms  divided  they 
became  shorter  until  cocco-bacilli  were  formed,  again  dividing  and 
shortening  into  typical  coccus  forms  (Jig.  3).  Crescents  were  observed 
to  develop  in  tw’o  ways.  Frequently  the  twisted  filaments  grew  out 
into  a  wavy  form;  the  wav\'  form  divided  in  such  a  way  that  each 
wave  became  a  crescent.  Very  occasionally  a  crescent-shaped  bend 
appeared  either  in  the  middle  of  a  straight  form  or  at  its  end  but 


Fig.  1.  Filament  from  a  dissociating  R  colony  of  S.  viridans  in  which  a  single  bend 
has  split  off  to  form  a  crescent.  Malt  agar  substrate.  Warm  stage. 

h'lG.  2.  Filament  from  a  dissociating  R  colony  of  5.  viridans  showing  a  coccoid  body 
just  before  it  ruptured.  Dextrose  agar  substrate.  Warm  stage. 

Fig.  .1.  Bacilli  from  a  dissociating  R  colony  of  S.  viridans  dividing  and  shortening 
into  coccus  forms.  Dextrose  agar  substrate.  Warm  stage. 

Fig.  4.  Filament  from  a  dissociating  R  colony  of  S.  viridans  which  resembles  cork¬ 
screw  due  to  numerous  crescent-shaped  bends.  Malt  agar  substrate.  Warm  stage. 

Fig.  5.  Cluster  of  crescents  from  a  dissociating  R  colony  of  5.  viridans  growing  out 
into  bacillary  forms.  Dextrose  agar  substrate.  Warm  stage. 

Fig.  6.  Same  cluster  as  in  Jig.  25  24  hours  later  showing  predominance  of  bacillary 
forms. 


instead  of  splitting  off,  the  horns  of  the  crescent  joined  forming  a  loop. 
This  loop  remained  attached  to  the  parent  organism  and  enlarged  to 
form  a  coccoid  body  (fig.  2)  which  finally  broke  up  releasing  crescent 
forms.  Regardless  of  how  the  crescents  were  formed  the  next  step 
in  the  R  — >  S  transition  was  the  same.  They  flattened  out  into  bacilli 
(figs.  5  and  6)  and  the  bacilli  shortened  into  cocci. 

In  the  S  — >  R  change  the  coccus  forms  were  seen  first  to  divide  and 
elongate  into  cocco-bacilli  which  divided  and  elongated  still  further 
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R  -»  S 

1-17  shows  twisted  filaments  from  dissociating  R  colony  of  S.  viridans  rhanging 
into  coccus  forms. 

1-5  shows  twisted  filament  from  dissociating  R  colony  of  S,  viridans  changing  into 
bacilli,  cocco-bacilli  and  coccus  forms.  1.  Piece  of  twisted  filament  from  dissociating  R 
colony  of  S.  viridans.  2.  Filament  has  divided  into  long  bacilli.  3.  Typical  bacilli 
formed.  4.  Cocco-bacilli  resulting  from  division  of  bacilli.  5.  Typical  coccus  forms  in 
chain  result  from  division  of  cocco-bacilli. 

6-12a  shows  twisted  filament  from  dissociating  R  colony  of  S.  viridans  developing  into 
coccoid  body,  crescents,  bacilli  and  diplococci.  6.  Piece  of  twisted  filament  from  dis¬ 
sociating  R  colony  of  5.  viridans.  7.  Filament  showing  beginning  of  bend  in  middle  of 
filament.  8.  The  bend  has  become  crescent  shaped.  9.  The  horns  of  the  crescent  have 
joined  and  coccoid  body  has  been  formed.  10.  Crescents  released  by  rupture  of  coccoid 
body.  11.  Crescents  flattened  out  to  form  bacilli.  12.  Diplococci  formed  by  division 
of  bacilli.  7a.  Bend  formed  at  end  of  filament.  8a.  Crescent  shaped  bend  curves  around 
to  form  loop.  9a.  Coccoid  body  developed  at  end  of  filament.  10a.  Crescents  released 
by  rupture  of  coccoid  body.  11a.  Bacilli  formed  by  flattening  of  crescents.  12a.  Diplo¬ 
cocci  result  from  division  of  bacilli. 

13-17  shows  twisted  filament  from  dissociating  R  colony  of  S.  viridans  developing 
into  wavy  form,  crescents,  bacilli  and  diplococci.  13.  Twisted  filament  from  dissociating 
R  colony  of  5.  viridans.  14.  Wavy  form  resulting  from  curling  of  filament.  15.  Cres¬ 
cents  formed  by  splitting  off  of  individual  waves.  16.  Bacilli  developed  by  flattening  of 
crescents.  17.  Diplococci  produced  by  division  of  bacilli. 

S  -►  R 

1-27.  Chains  of  coccus  forms  from  dissociating  S  colony  of  S.  viridans  changing  into 
twisted  filaments. 

1-5.  Chain  of  coccus  forms  from  dissociating  S  colony  of  S.  viridans  changing  into 
cocco-bacilli,  bacilli  and  twisted  filament.  1.  Chain  of  coccus  forms  from  dissociating 
S  colony  of  5.  viridans.  2.  Cocco-bacilli  resulting  from  division  and  elongation  of  cocci. 
3.  Typical  bacilli  formed  by  further  division  and  elongation.  4.  Long  bacilli  formed 
by  further  division  and  elongation.  5.  Twisted  filament. 

6-19.  Chain  of  coccus  forms  developing  into  cocco-bacilli,  bacilli,  crescents,  wavy 
forms  and  twisted  filament.  6.  Chain  of  coccus  forms  from  dissociating  S  colony  of 
5.  viridans.  7.  Cocco-bacilli  resulting  from  division  and  elongation  of  cocci.  8.  Bacilli 
developed  by  further  division  and  elongation.  9.  Crescent  shaped  bends  formed  in 
chain  of  bacilli.  10.  Wavy  form  developed  by  formation  of  several  crescent  shaped 
bends.  11.  Twisted  filament  developed  from  wavy  form.  12.  Chain  of  coccus  forms 
from  dissociating  S  colony  of  S.  viridans.  13.  Cocco-bacilli  resulting  from  division  and 
elongation  of  cocci.  14.  Bacilli  formed  by  further  division  and  elongation.  15.  Crescent 
shaped  bends  appearing  in  chain  of  bacilli.  16.  Corkscrew  resulting  from  numerous 
crescent  shaped  l^nds.  17.  Individual  crescents  released  by  splitting  of  chain  of  cres¬ 
cents.  18.  Bacilli  developed  by  flattening  of  crescents.  19.  Long  bacilli  formed  by 
division.  20.  Twisted  filament. 

21-27.  Chain  of  coccus  forms  from  dissociating  S  colony  of  5.  viridans  forming  cocco- 
bacilli,  bacilli,  coccoid  body,  crescents,  wavy  forms  and  twisted  filaments.  21.  Chain  of 
coccus  forms  from  dissociating  S  colony  of  S.  viridans.  22.  Cocco-bacilli  formed  by 
division  and  elongation  of  cocci.  23.  Coccoid  body  formed  in  chain  of  bacilli.  24.  Cres¬ 
cents  released  by  rupture  of  coccoid  body.  25.  Wavy  forms  developed  by  division  of 
crescents.  26.  Twisted  filaments  formed  by  growth  of  wavy  forms.  27.  Mass  of  coiled 
and  twisted  filaments  resulting  from  further  growth. 
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to  form  bacilli.  The  bacilli  either  developed  into  filaments  by  con¬ 
tinued  elongation  or  formed  crescents.  Frequently  a  bend  formed 
either  in  the  middle  or  at  the  end  of  a  filament  (Jig.  1)  and  shortly 
after  its  formation  split  off  to  leave  an  isolated  crescent.  Occasionally 
these  bends  occurred  so  frequently  and  so  close  together  that  before 
the  separation  of  the  individual  crescents  the  organism  had  a  cork¬ 
screw  appearance  (fig.  4).  Occasionally  coccoid  bodies  appeared  in 
the  bacilli  or  filaments.  These  coccoid  bodies  eventually  liberated 
crescents  as  in  the  R  S  transition.  The  crescents  were  observed  to 
multiply  producing  wavy  forms  which  grew  into  coiled  forms  or 
twisted  filaments.  The  changes  seemed  to  follow  this  order: 

R  S 

Coiled  forms 

and  — >  Bacilli  Cocci 

Filaments 

- >  Coccoid  — >  Crescents  —*  Bacilli  — >  Cocci 

Body 

- >  Wavy  form  — >  Crescents  — >  Bacilli  — >  Cocci 

S  ->R 

Cocci  Bacilli  — >  Coiled  forms  and  Filaments 

- *  Bacilli  Crescents  — >  Wavey  forms  — »  Coiled  forms  and  Fila¬ 
ments 

- >  Bacilli  — >  Coccoid  Body  — »  Crescents  — >  Wavy  form  — >  Coiled 

forms  and 
Filaments 

SUMMARY 

Greening  streptococci  isolated  from  dental  caries  were  observed 
on  a  warm  stage  as  they  changed  from  R  — »  S  — »  R.  In  the  R  — >  S 
change  the  filaments,  coiled  forms,  crescents  and  bacilli  from  rough 
colonies  were  seen  to  develop  into  cocci  characteristic  of  smooth 
colonies. 

In  the  S  — »  R  change  the  cocci  elongated  into  bacilli  or  filaments 
with  the  formation  of  crescents.  The  crescents  developed  into  coiled 
forms  and  later  grew  into  a  mass  of  twisted  filaments. 
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